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When general science was introduced into 
the high school some forty years ago, it was 
a startling and daring experiment. The 
course was promoted with misgivings and 
was received with much vigorous and sus- 
tained opposition. But even in its crude be- 
ginnings its values were substantial and its 
potentialities evident. Few, if any, other 
courses have ever grown so rapidly in pop- 
ularity. Within a relatively few years gen- 
eral science established itself as a course that 
contributes an essential part of the experi- 
ence and training that all boys and girls 
are entitled to receive. In this book the 
attempt is made to present the appropriate 
content of general science in ways that boys 
and girls will find appealing, stimulating, 
and easy to understand. 

Objectives. In harmony with the most 
authoritative pronouncement,! three major 
objectives are stressed in this book: 


To develop understandings of scientific 
principles and to train boys and girls to apply 
these principles in their everyday living. 

To stimulate reflective thinking in various 
ways, but chiefly by teaching boys and girls 
what the scientific method is and how to use 
it in solving their problems. 

To develop scientific attitudes and appre- 
ciations of science. 


Principles. Substantial research evidence 
clearly indicates that a science course in 


' The Forty-sixth Yearbook of the National Society for the 
Study of Education, Part I, “Science Education in 
American Schools." The University of Chicago Press, 
Chicago, 1947. 


PREFACE 


which the major emphasis is placed upon 
the teaching of facts as an end in itself is 
largely a waste of the teacher's and pupils? 
time. The evidence indicates that factual 
knowledge thus acquired is, for the most 
part, quickly forgotten. In contrast, the 
evidence is convincing that training in ap- 
plying scientific principles continues to func- 
tion for many years with practically no loss 
of effectiveness. : 

Facts are, of course, the fundamentally es- 
sential basis of all scientific understandings. 
They are therefore used abundantly in Sci- 
ence in Daily Life. But they have been selected 
for their appropriateness in effecting a com- 
prehension of principles that underlie famil- 
iar and practical applications of science. 

Reflective thinking. Training pupils to 
think is one of the most important purposes 
of every course. It is so considered not only 
by educational leaders, but also by parents 
of school-age boys and girls, as a recent 
survey reveals. In harmony with this point 
of view, thought questions and other exer- 
cises in wide variety that develop skill and 
facility in problem-solving are provided 
abundantly in Science in Daily Life. 

Attitudes and appreciations. Scientific 
attitudes are stressed throughout this book. 
Developing scientific attitudes is a potential 
means of eliminating intolerance, gullibil- 
ity, superstition, and other socially undesir- 
able patterns of thought. In this book, also, 
a consistent effort is made to develop an 
appreciation of the contributions of science 
and an awareness of the social implications 
of science in everyday living. 
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Accumulated research evidence empha- 
sizes the futility of expecting such objectives 
as the three that are given major stress in 
this book to be attained to an appreciable 
extent incidentally, or as an assured con- 
comitant of learning subject matter. In 
Science in Daily Life, therefore, materials de- 
signed to achieve these objectives are taught 
definitely, persistently, and diversely. 

Selection and checking of content. The 
content of this book has not been selected 
on the basis of the opinions of the authors 
with respect to what materials a general- 
science text should present. It has been 
arrived at from the results of an extensive 
program of research. The combined re- 
sults of these investigations not only iden- 
tified the topics that should constitute the 
general-science course, but also indicated 
the most important ones of these topics. 

The content of this book has further been 
carefully checked against the state syllabi of 
New York, Pennsylvania, Texas, and Illinois 
and against many other important state and 
city programs and syllabi of general science. 

A more nearly even representation of the 
biological and physical sciences than is typ- 
ical of general-science courses has been 
achieved by introducing considerable bio- 
logical material into the units that are cus- 
tomarily regarded as aspects of the physical 
sciences. 

Special learning devices. The para- 
graphs in which the most important materi- 


1Francis D. Curtis and Marcus E. Erickson, Third 
Synthesis and Evaluation of Subject Matter Topics in Gen- 
eral Science. In this unpublished study the findings of 
twenty-five investigations of content suitable for 
courses in general science were combined in a single 
outline. 

George G. Mallinson, A Study of the Appropriateness 
of the Content of the General Science Course. This unpub- 
lished study, completed in 1950, involved more than 
a thousand students and sixty-three teachers of gen- 
eral science in high schools of five states. 


als are presented are designated by single 
asterisks (*). Thus they are readily identifi- 
able and maximally useful in providing 
for individual differences in classes and 
students. 

An important innovation in this book is 
the abundant use of footnotes. This device, 
essential in advanced scientific writings, has 
here been simplified and adapted for effec- 
tive use in a general-science text. These 
footnotes direct the student at once to earlier 
uses of the same terms, facts, concepts, or 
principles. Thus better learning is assured 
than would otherwise be possible. 

Reading difficulty. In this book the 
all-important factor of reading difficulty is 
not left to chance. Carefully planned pro- 
cedures have been followed to ensure an 
appropriate comprehension level. These 
procedures include following a consistent 
policy of employing simple words, short sen- 
tences, and short paragraphs wherever pos- 
sible, and using throughout a carefully 
controlled vocabulary whose suitability had 
been determined by combining the findings 
of three extensive vocabulary researches.” 

As a third means of reducing redding dif- 
ficulty, scientific terms and other words 
outside the controlled vocabulary are pro- 
nounced and, if necessary, defined, not in 
context but in footnotes. Psychological evi- 
dence indicates that inserting the pronun- 
ciations of words in the context increases 
comprehension difficulty by interrupting the 
reader’s thought. 

*Edward L. Thorndike, A Teachers Word Book of 
the Twenty Thousand Words Found Most Frequently and 
Widely in General Reading for Children and Young People. 
Bureau of Publications, Teachers College, Columbia 
University, New York, 1931. 

B. R. Buckingham and E. W. Dolch, A Combined 
Word List. Ginn and Company, Boston, 1936. 

Francis D. Curtis, Investigations of Vocabulary in 


Textbooks of Science for Secondary Schools. Ginn and 
Company, Boston, 1938, 
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Pronouncing and defining words in foot- 
notes possess another important advantage, 
besides that of decreasing reading difficulty: 
footnotes “catch the eye" of a student even 
while he is leafing through the book, and 
thus they provide an unobtrusive but never- 
theless constant and positive means of vo- 
cabulary-building. 

A fourth means of ensuring an appropriate 
reading level consisted of applying the 
Flesch formula to uniform random sam- 
plings of all thirty-five divisions of the eight 
units, both as the writing progressed and 
after the manuscript had been completed. 
From the results of these computations, pos- 
itive assurance can be given that the content 
of Science in Daily Life is well within the level 


: of reading comprehension appropriate to the 


lowest grade in which general science is 
commonly taught. 

Scientific vocabulary. For this book 
both the extent and the importance of the 
scientific vocabulary have been determined, 
not by the authors’ opinions, but by re- 
search. The complete lists of "essential" 
and "important" terms, thus identified, in- 
clude only about one hundred and seventy- 
five terms each. Every "essential" term is 
designated by an asterisk (*) in the footnote 
where it is pronounced and defined, in the 
Glossary, and in the lists under “Checking 
What You Know." Every "important" 
term is indicated by a dagger (ft) in the 
Glossary and in the lists under "Checking 
What You Know." Several hundred other 
scientific terms are pronounced and defined 
in the book as a further means of providing 
for the individual capabilities and interests 
of students. 

Illustrations. In Science in Daily Life several 
devices have been employed to make the 
illustrations maximally functional: (1) Ev- 
ery illustration has been planned for a cer- 


tain location and is cited at the place in the 
text where it will most effectively supple- 
ment the discussion. (2) The use of a variety 
of types of illustrations has permitted the 
selection at each point of the type that serves 
best. (3) Every illustration teaches. Teach- 
ing is effected not only by the illustration 
itself, but also by the legend. Many legends 
present additional subject matter (sometimes 
"essential" (*) material), and every legend 
either includes one or more questions that 
stimulate reflective thinking or suggests an 
appropriate activity. 

The testing program. Tests will be found 
at the end of every major division of a unit. 
These tests have been designed primarily as 
learning aids. They enable the student to 
determine how thoroughly he has under- 
stood what he has just studied. The first 
section of these tests measures comprehen- 
sion of the text material; the second, under- 
standing of scientific principles presented in 
the section; and the third, knowledge of the 
meanings of significant terms. 

These tests can be used to determine the 
knowledge possessed before, as well as after, 
studying the materials. Thus the tests can 
be used to measure both the knowledge 
gained from the study and the total knowl- 
edge possessed after the study. 

A set of Tests to Accompany Science in. Daily 
Life supplements the tests in the text. These 
tests provide a well-rounded program, which 
includes measurement of factual knowledge, 
of proficiency in the use of facts in problem- 
solving, of the understanding of scientific 
principles, of facility in the use of scientific 
method, and of ability to recognize the 
various scientific attitudes in real-life 
situations. 

Activities. No text is complete without 
abundant, varied, and carefully graded ac- 
tivities. The primary purpose of such activ- 
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ities is to arouse the interest and challenge 
the ability of boys and girls, and thus to 
supply means of providing for the differ- 
ences between classes and among individual 
pupils. In this book such activities are pre- 
sented chiefly in recurring sections under the 
heading “Applying and Extending What 
You Know.” Under the sub-heading '"Ap- 
plying Your Knowledge of Science," and 
in the legends of illustrations, are numerous 
thought questions of all the sixteen types 
that substantial research evidence has re- 
vealed to be appropriate in science courses. 
Also, optional and supplementary subject 


Several pages would not provide sufficient 
space in which to thank individually all the 
teachers and others who have contributed 
materials for this book or have given other 
help. The authors wish, however, to make 
grateful acknowledgment to the following 
specialists for critical readings of the parts 
of the manuscript that deal with their fields 
of specialization or for providing invaluable 
source materials or consultative services: 
Professors Irving H. Anderson, Ernest F. 
Barker, Stanley P. Wyatt, and James H. 
Zumberge, L. Dell Henry, M.D., and Leon- 
ard E. Himler, M.D.—all of the University 
of Michigan; Harry Wexler, Chief, Scien- 
tific Services Division, I. R. Tannehill, Chief, 
Division of Synoptic Reports and Forecasts, 
D. Lee Harris and DeVer Colson, Meteorol- 
ogists, Albert V. Carlin, Chief, Training 
Section, and W. M. Weld, Climatologist— 


matter, somewhat more difficult than that 
in the text sections, is combined with various 
activities in these sections. 

The Workbook to Accompany Science in Daily 
Life both complements and supplements the 
text with numerous and varied additional 
activities. 

The Teachers’ Manual and Key to Accom- 
pany Science in Daily Life provides a list of the 
apparatus and materials needed for the ex- 
periments and projects in the text, lists of 
filmstrips, motion-picture films, and books 
for reference, and other materials of special 
interest and value to teachers. 


all of the United States Weather Bureau; 
A. G. Fiedler, Assistant Chief, United States 
Geological Survey; Howard A. Carter, 
M.D., and H. D. Kautz, M.D., of the Amer- 
ican Medical Association; Lloyd Mason 
Smith, Director, Palm Springs Desert Mu- 
seum; and Lawrence A. Conrey, Mrs. Edna 
Smith Gross, Harold E. Sturm, and Mrs. 
Margaret Chapin of the staff of the Univer- 
sity of Michigan High School. 

The authors wish to acknowledge also 
their indebtedness to the United States De- 
partments of Agriculture and the Interior 
and various bureaus of these departments; 
to the Canadian Meteorological Service; 
and to many commercial firms, educational 
institutions, professional and amateur pho- 
tographers, chambers of commerce, and 
authors, for permission to reproduce various 
illustrations and photographs. 
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Become familiar with your textbook. 
Probably you already know something about 
what a course in general science includes. 
Nevertheless, you may be curious about 
what is in your general-science textbook. 


1. Examine the table of contents. Read 
the titles of the fourteen units and their 
main divisions. 

2. Turn to the introduction, “Getting Ac- 
quainted with General Science," which be- 
gins on page 2. Note the milestones of sci- 
ence illustrated on that page. You will find 
accounts of many milestones of science scat- 
tered through this book. Leaf through this 
introduction, reading the side-headings on 
the pages as you go. Examine every illus- 
tration as you come to it and read its legend. 

Now, on pages 30-34, examine ‘‘Check- 
ing What You Know" and "Applying and 
Extending What You Know." You will 
find such sections at the ends of all the ma- 
jor divisions of the units. These sections will 
enable you to do just what their headings 
indicate. 

3. Turn now to “A Day on the Moon” 
(p. 237). This is one of several special fea- 
tures that you will find here and there 
throughout the book. 

4. Examine the two special sections *Ele- 
ments of Scientific Method” and ‘‘Scientific 
Attitudes" (pp.534 and 535). You will 
find them useful during the entire course. 

5. Read the introduction to the Glossary. 
Also, read a few of the definitions to get an 


idea of the Glossary's usefulness and pur- 
pose. 

6. Finally examine the Index to see what 
it provides for your help. 

Now you have a good working knowledge 
of the materials of science that you are going 
to study. 


Make the most of your study time. For 
all practical purposes there is no difference 
between reading your lessons and studying 
them. When your teacher assigns a part of 
your textbook to be studied, you know that 
he or she means you to read it. How well 
you are able to "get? your lesson depends 
largely on how well you can read. And 
reading well means being able, in a reason- 
ably short time, to get all the meaning out 
of what you read. 

Here are some suggestions that boys and 
girls have found helpful in learning how to 
get their lessons better and in less time than 
before: 


1. “Get your bearings" with respect to 
the whole assignment. To do this, turn 
through the assigned pages slowly. Read 
every heading as you come to it. Carefully 
examine every illustration and read its leg- 
end. When you have thus gained a good 
general idea of what the assigned materials 
deal with, you are ready to study them 
carcfully. 

2. Concentrate, Keep your mind all the 
time right on what you are studying. Do 
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not let your attention wander away from it. 
Students often spend enough time on a les- 
son to get it, but they fail to do so because 
they do not concentrate on it. Their eyes 
follow the words, automatically, somewhat 
as a phonograph needle follows the grooves 
in a record. Meanwhile they let themselves 
think of other things than those they are 
reading about. Try hard to keep your mind 
"on the job." By doing so, you will soon 
find that you are reading better than before 
and thus are getting your lessons better in 
less time. 

3. Note every asterisk (*) and every ?. 
Study with special care every paragraph 
that has an asterisk, or star (*), at its be- 
ginning. Such paragraphs are the most im- 
portant ones in the book. Watch also for 
statements that are preceded by P”. These 
statements are scientific principles which 
every well-informed person should under- 
stand and know how to apply. 

4. When you have finished reading a par- 
agraph, stop and try to recall what is in it. 
You may not be able to do so at first. If 
you cannot, read the paragraph again, with 
close attention. Your goal is to train your- 
self so that you will never need to read any 
part more than twice. Some people have 
trained themselves to get all the meaning 
out of whatever they read from a single 
reading. 

5. Examine every illustration at the point 
where it is referred to in the text. Read 
the legend carefully. It may contain essen- 
tial (*) material. Try to answer the question 
or questions in it. 

6. Examine each footnote when you come 
to the end of the sentence in which the num- 
ber indicating it appears. You will find 
these footnotes helpful in several ways. Some 
will pronounce and define important scien- 
tific terms and other words. Others will 


supply interesting facts or useful explana- 
tions. Still others will direct you to earlier 
pages in the book, where materials closely 
related to those that you are now studying 
are used in other ways. Reading again the 
materials thus referred to will make your 
learning of new materials easier. 

7. When you have covered the entire 
assignment in this way, try to recall the 
most important points in it. In order to 
make certain that you know the whole 
lesson, you may need to read some parts 
again. 

8. Now turn to the tests under “Checking 
What You Know." You should be able to 
answer correctly a// the items that deal with 
the part of the book that you have just 
studied. At first, however, you may not be 
able to do this without reading some parts 
again. 


Increase your vocabulary. Everybody 
needs a good command of words. "Words 
are the tools of clear thinking and exact 
expression." 


1. As you study this book, you will come 
across about one hundred and seventy-five 
scientific terms that are starred (*). These 
are the most important, or the "essential," 
terms. Do your best to master all of them, 
so that you can spell, pronounce, define, 
and use them. You will encounter in the. 
book another one hundred and seventy-five 
or so "important" terms. These are indi- 
cated in the lists of terms in "Checking 
What You Know" and in the Glossary with 
a dagger (T). Perhaps you will be able to 
master these “important” terms in addition 
to the "essential" ones. You will find in the 
book also many other scientific terms. These 
are included so that you can build your sci- 
entific vocabulary still further if you wish to 
do so. 
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2. Use as often as you can every “new” 
word that you add to your vocabulary. 
You will soon find yourself using it easily 
and correctly as a matter of course. 

3. Use the Glossary often. It isa handy dic- 
tionary. Not only the “essential” and “im- 
portant” terms, but also many other scien- 
tific terms are pronounced and defined in 
it. At the end of each definition is a page 
number. This directs you to a passage, a 
legend, or an illustration in which the term 
is used. Seeing how the term is used on that 
page will help you to understand and re- 


[xii] 


member it. The introduction to the Glos- 
sary gives you a brief review of some of the 
common rules for word-building that you 
have learned earlier. By refreshing your 
memory of these rules, you will be able to 
apply them more readily and thus add many 
more words to your vocabulary. 


Form the habit of using the Index. You 
will find the Index a valuable time-saver, 
But before you use it at all, read care- 
fully its introduction, which explains how 
to use it. 


SCIENCE 
IN 
DAILY LIFE 


Some ancient and modern milestones of science. The first picture represents man’s 
learning how to control fire. The second represents the beginning 
of agriculture. What do you think the others represent? 
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GETTING ACQUAINTED 
WITH GENERAL SCIENCE 


THE “BIRTH” OF A VOLCANO - On Feb- 
ruary 20, 1943, a Mexican farmer stopped 
to rest while plowing his corn-field. To his 
surprise, he saw a thin column of smoke ris- 
ing from the middle of the field. Thinking 
that he must somehow have started a, fire 
there, he went to put it out. He found, how- 
ever, that the smoke was not coming from a 
fire, but was rising out of a small hole in 
the ground. ; 

The best way that he could think of to 
put out such a fire was to put a stone over 
the hole. This he did and returned to his 
plowing. 

Later, when he looked toward the spot 
where he had discovered the smoke, he saw 
that more was coming out of the ground 
than before. Then he became alarmed. He 
recalled that often recently he had felt the 
ground trembling, and had also felt the soil, 
under his bare feet, hotter than ever before. 
Hence, without further delay, he hastened 
to the neighboring town to tell the mayor 
about the strange fire in his corn-field. 

Naturally the mayor found the farmer’s 
story hard to believe. Nevertheless, he sent 
some people at once to see what was happen- 
ing. When these people reached the farm, 
they saw dense black clouds billowing out 
of a hole about 30 feet deep. 

That same night, the first explosion oc- 
curred. A thick column of smoke, cinders, 
and volcanic! ashes shot upward to a height 


1Volcanic (völ kán'tk): having to do with a volcano. 


of more than a mile. Thus the eruption of a 
new volcano? began. Explosions followed 
one another at intervals of a few seconds. 
They took place usually within the crater,’ 
but sometimes in the surging smoke column 
hundreds of feet above it. Volcanic bombs 
were hurled continuously into the air. 
These were masses of rock that varied in 
size from that of a walnut to that of a large 
house. Every minute or so, in the rapidly 
growing cloud above the crater, lightning 
flashed, with sharp reports. About two days 
later, lava began to flow. 

The volcano continued to erupt for many 
months. The flows of lava and showers of 
cinders and ashes destroyed farms, forests, 
and villages (illustration, p. 4). In fact, 
the volcano was named Parícutin* after the 
first town that it had destroyed. No crops 
could be grown within fifty miles of the new 
volcanic cone. 

The “birth” of Parfcutin was an event of 
great interest to scientists. It made possible, 


2*Volcano (vlkà'no): a hole in the earth from 
which gases, smoke, and masses of rock escape. An 
asterisk (*) preceding a word indicates that the word 
is an essential scientific term. A key to the pronuncia- 
tion of scientific terms is provided with the Glossary, 
p-537; 

You are not expected to learn all the scientific 
terms in the text and in illustrations. Such terms are 
included in considerable numbers so that you may 
build a large scientific vocabulary if you wish to 
do so. 

3Crater (kra’tér): the bowl-shaped hollow around 
the opening of a volcano. 

‘Paricutin (pa re'koo ten). 
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Pet, from Three Lions 
Paricutin and all that remains of a village that 
it destroyed. Was this destruction caused 
chiefly by lava or by volcanic bombs and 
ashes? Explain 


eee 


for the first time in history, the study of the 
development of a volcano from its beginning. 

The study of volcanoes and earthquakes 
is a special branch! of science that is a 
division of geology.? Some geology is in- 
cluded in general science, 


THE EEL-GRASS CHAIN . Not many 
people are familiar with eel-grass. Yet few 


"Called volcanology (völ kin Gl/o j). This name 
was made from that of Vulcan (vül'kán), the Roman 
god of fire. 

*Geology (jë öö jt): the science that deals with the 
earth’s structure and its history as revealed in the 
rocks, 
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wild plants are of greater importance to so 
many people. 

Eel-grass is a water plant with slender, 
grass-like leaves and with flowers that 
bloom under water. It grows in the mud 
bottoms of river mouths and shallow bays 
along the Atlantic coast from Greenland to 
North Carolina. 

Ecl-grass is not, itself, valuable to man. 
People do not harvest it for any purpose. 
Yet it is of major importance to the people 
who live along the coast, because it is the 
beginning of a food chain that ends with 
them. What a food chain is will become 
clear to you as this story is told. 

Eel-grass is the source of food of vast num- 
bers of microscopic? plants and animals. 
These tiny creatures and the decaying eel- 
grass together are the food of an enormous 
population of larger animals. These in- 
clude many kinds of shell-fish. These ani- 
mals, in turn, are the chief prey of certain 
fishes, and of ducks and other water fowl. 
Finally the fish and ducks are eaten by the 
people of that locality. 

Thus the food chain that begins with the 
eel-grass consists of five links. ‘These are 
eel-grass, microscopic organisms, shell-fish, 
fishes and birds, and finally man (illustra- 
tion, p. 5). 

In the summer of 1931 the eel-grass began 
rapidly to disappear. At first scientists 
thought that it was being killed off by the 
sewage! and sediment® brought down by the 
rivers. Later they discovered the true cause. 


‘Microscopic (mi kro Skóp'fk): too small to be seen 
with the naked eye; visible only through a micro- 
Scope. See illustration, p. 204. 

‘Sewage (sü'f): the waste materials from homes 
and streets, that are carried away through systems of 
pipes (sewers). 

*Sediment (std’t mënt): solid matter, such as soil, 
rocks, leaves, and the like, that settles to the bottoms 
of streams and other bodies of water, 


The plant was dying of a germ disease, 
caused by a certain microscopic water plant. 

As the eel-grass population diminished, 
so also did the populations of all the plants 
and animals in the food chain, except man. 
But man suffered, too. Fishermen caught 
fewer and fewer fish. Hunters brought 
home fewer and fewer ducks. Hence people 
had to find substitutes for the shell-fish, fish, 
and game that previously the abundance of 
eel-grass had made possible. 

Fortunately, not all the eel-grass died. 
And now, after more than twenty years, its 
population is again increasing. Scientists 
are trying to find ways of helping it to 
thrive and to increase. If their efforts prove 


successful, the food chain may in time be 
restored to its former state. 

The story of the eel-grass chain involves 
several branches of science. Important 
among them are botany,’ zoology,” and 
ecology.* All three are divisions of biology.‘ 
Biology is of major importance in general 
science. 


1* Botany (bdt’a nf): the science that deals with all 
plant life. 

2* Zoology (zo Ól'oji): the science that deals with 
all animal life. - 

3Ecology (€ köl jï): the science that deals with 
the relations of plants and animals to one another and 
to all the other conditions about them. 

4*Biology (biól'ojf): the major science that in- 
cludes all aspects of living things. 


The eel-grass chain. One of the “links” is not shown in this illustration. Which 
one? Why? Can you identify! the other links? 


!Identify (i dén’ti fi): to decide that something belongs in a certain group because of its 
characteristics; to recognize something from having seen or heard it beforc. 


A SCIENTIFIC PUZZLE - In February, 
1950, a Canadian prospector! was examin- 
ing some photographs, taken from airplanes, 
of the barren, rocky regions of northern 
Quebec Province. He hoped to discover in 
these pictures some spots that would indi- 
cate the presence of valuable mineral de- 
posits. One photograph caught his atten- 
tion at once. It showed many of the long 
lakes that are typical? of the region. But 
among them was one that was unique? It 
was almost perfectly circular (illustration 
below). Moreover, unlike* any of the other 
lakes, this one had a rim. 

From these observations the man reasoned 
that the lake must occupy the crater of an 
ancient volcano. He recalled that diamonds 


1Prospector (prés’pék tér): one who searches, often 
in remote places, for gold or other valuable minerals. 

Typical (tp'f kal): of a particular type; having 
the characteristics of a certain group. 

3Unique (ü nék’): unlike anything else in character- 
istics or in degree of merit. 

‘Consult the first page of the Glossary (p. 537) for 
suggestions on vocabulary-building. 


are found abundantly in some long-extinct® 
volcanoes. Also, he remembered that dia- 
monds had occasionally been found around 
the Great Lakes. He recollected, too, that 
some geologists had stated that these stones 
had probably been brought there by 
glaciers from the north. Therefore dia- 
monds might be found under or around 
this lake. 

The man reported his discovery and his 
ideas about it to an eminent geologist.’ 
The scientist was greatly interested. He 
agreed to join the prospector in an airplane 
expedition to investigate the round lake. 

Upon their arrival, the geologist knew at 
once that the lake was not occupying an 
ancient volcanic crater. His observations 
convinced him that the round hole had been 
blown out of the solid rock by a terrific 


5Extinct (&ks tingkt’): no longer active (as a vol- 
cano) or living (as a kind of plant or animal). 

5V. B. Meen, Director, Royal Ontario Museum of 
Geology and Mineralogy. Geologist (je 61’6 jist): a 
scientist who studies geology. 


Chubb Crater (named after its discoverer). In what respect, besides the ones stated 
above, is the round lake different from most of the others? 


Royal Canadian Air Force, Crown Copyright 
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explosion. But what could have caused such 
an explosion? He could think of only one 
reasonable explanation. It could have re- 
sulted only if a huge meteorite! had struck 
the earth and had exploded at that point. 
The general appearance of the water-filled 
hole supported this explanation. Its ap- 
pearance was closely similar to that of 
craters known to have been caused by 
meteorites. This hole, however, was about 
seven times as large as the biggest of these 
craters, namely,? Crater Mound in Arizona. 

This discovery was of great importance 
to astronomers, as well as to geologists. If 
the great round hole proves to have been 
made by a meteorite, the study of it may 
help to explain the appearance of the 
moon’s surface. Also, it may provide new 
facts about the earth’s interior. 

Meteorites are studied in astronomy, and 
astronomy is a part of general science. 


COAL, THE WONDER SUBSTANCE - Are 
you familiar with the reddish-purple dye 
Tyrian purple? It gets its name from the 
city of Tyre, where it was first made, cen- 
turies before the birth of Christ. Most of 
the dyes used long ago were made from 
plants. But Tyrian purple was not. It was 
made by a crude and difficult process, from 
a certain snail-like animal that lives in the 
Mediterranean. 

For many centuries this famous dye was 
actually worth more than its weight in gold. 
At first it was used only for coloring the 


1Meteorite (mé'té čr it): a body of stone or metal 
that falls from the sky onto the earth. 

2Namely (nàm'li): that is to say; which is or are, 
or which was or were. 

3 Astronomer (äs trón'o mér): a scientist who studies 
*astronomy (s trón'o mi). Astronomy is the science 
that deals with the planets, stars, and other heavenly 
bodies, Astronomical (4s tro nóm't kal): having to do 
with astronomy. 


robes of the rulers. Less than a hundred 
years ago, only wealthy people could wear 
Tyrian purple. Now anybody who wishes 
may wear it because it is made cheaply 
from coal. 

Tyrian purple is only one of about five 
hundred common dyes that are made from 
coal (illustration, p. 8). Coal is the source, 
too, of many fine perfumes. Also, from it are 
made important food flavors. These include 
artificial vanilla and oil of wintergreen, as 
well as saccharin. Saccharin is several 
hundred times sweeter than sugar. 

Of even greater importance than the 
products already mentioned are the medi- 
cines that are made from coal. Probably 
the ones best known are the sulfa? drugs and 
aspirin. Most of the household germ-killing 
substances used for cleaning sinks and drains 
are manufactured from coal. So is carbolic 
acid, which is used in making plastics. 

Books could be filled with the descriptions 
and uses of the products already made from 
coal. Yet the chemistry of coal is only a 
small part of the great field of chemistry.® 
Naturally some chemistry has a place in 
every general-science course. 


SCIENCE AND SKY-SCRAPERS - When we 
think of tall buildings, we are likely to think 
of the New York City sky line. But until 
1929 the world’s tallest structure was not a 
modern sky-scraper, nor was it in New York 
City. It was the Eiffel Tower in Paris, 
France. This unique structure is a skeleton 
frame-work of steel, which towers nearly 


4Saccharin (s&k’a rin). 

5Sulfa (stil’fa). 

8*Chemistry (kÉm^is tri): the science that deals with 
the composition of substances and with changes in 
their composition. *Chemical (kém'"tkál): having to 
do with chemistry; a substance produced through 
applied chemistry. Chemist (kém’Yst): a scientist who 
works in the field of chemistry. 
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Du Pont Company 
Some of the dyes that are made from coal. 
The use of coal that is probably best known to 
you is not mentioned at this point. What is 

this use? 


1000 feet into the air. It was completed in 
1889 as one of the great attractions of the 
Paris Exposition. Its purpose was to enable 
people to get a “‘bird’s-eye view” of Paris 
and of the surrounding .country from its 
lofty top. It has since served for testing radio 
broadcasting and for other scientific pur- 
poses. 

In 1913 the Woolworth Building was com- 
pleted in New York City and became fa- 
mous as the tallest building in the world. 
Yet its top was nearly 200 feet lower than 
that of the Eiffel Tower. 

In 1929 the Chrysler Building replaced the 
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Woolworth Building as the world's tallest 
building. Also, it replaced the Eiffel Tower 
as the world’s tallest structure. Its top is 
more than 1000 feet above “‘the sidewalks of 
New York." 

The Chrysler Building remained the 
world's tallest building for only two years. 
In 1931 its neighbor the Empire State 
Building was completed. This amazing 
structure towers nearly a quarter mile into 
the air and still remains the tallest in the 
world. Who knows when and where still 
higher buildings will be erected? 

Every modern sky-scraper is a marvel of 
Scientific imagination and achievement. 
The taller a building is, however, the more 
numerous and serious are the problems in- 
volved in constructing, equipping, and 
maintaining it. 

Most of these problems involve physics,’ 
as, indeed, most of the problems of our daily 
living also do. Physics is the great field of 
science that includes the study of heat, light, 
machines, sound, electricity, radio, televi- 
sion, and many other aspects of the world 
about us. It is obvious, therefore, that a 
good deal of physics must be included in 
a general-science course. 


SOAP AND THE BLACK DEATH - Some 
things that are among the most valuable and 
important in our daily lives are so common 
that we take them for granted. Soap is one 
of these. Yet a scientist recently stated that 
the increase in the use of soap, about six 
centuries ago, probably was responsible for 
stopping the Black Death. The Black 
Death was a plague that swept out of Asia 
and through Europe. A scientist has said 
that it came nearer to killing off mankind 
than any other “evil” that man has ever 
endured. 


1* Physics (fiz’tks). 


Soap kills many kinds of germs. There- 
fore the use of soap could have been an 
important factor in bringing the dreadful 
plague under control. 

Soap-making is a chemical process. The 
germ-killing properties of soap, however, 
make it important in the fields of sanitation! 
and hygiene.* Thus materials of great im- 
portance from these two fields are included 
in general science. 


WHAT GENERAL SCIENCE IS - Each of 
the six "adventures in science" just told in- 
volves one or more branches of science. As 
was stated, all these branches are included 
in general science. Yet general science is 
made up of many more special fields than 
are indicated in these incidents. 

*8General science includes both the bio- 
logical and the physical sciences (illustra- 
tions, pp. 10 and 11). The biological sci- 
ences are those that deal with the various 
aspects of plant and animal life. Botany, 
zoology, ecology, sanitation, and hygiene 
are the branches of biological science, or 
biology, that have already been mentioned. 
The physical sciences are those that, to- 
gether, deal with all the aspects of non- 
living things. Volcanology, geology, chem- 
istry, and physics are the branches of phys- 
ical science involved in the short accounts 
just presented. 

This book cannot, of course, include sec- 
tions dealing with a// the branches of physi- 
cal and biological science. But it will ac- 
quaint you with many of the familiar and 


lSanitation (sin Yta'shün): the science that deals 
with conditions that promote general health. 

?Hysiene (hi'jen): the science that deals with the 
improving and maintaining of personal health. 

3An asterisk preceding a paragraph or preceding 
a legend under an illustration indicates that the para- 
graph or legend contains especially important ma- 
terial. 


practical aspects of science, about which 
everybody should know. 


WHY STUDY GENERAL SCIENCE? - There 
are many reasons why general science is 
a subject that every boy and girl should 
study. Here are some important ones: 

General science provides the sort of 
scientific knowledge and understanding that 
every well-informed person should have. 

It furnishes valuable training that every- 
body can put to use every day. 

It gives a good foundation for work in 
whatever courses of science may later be 
studied. 

It “opens people's eyes" to the science 
that is everywhere about them, and thus 
it adds interest and enjoyment to life. 

For these reasons and others that you will 
discover, the boy or girl who has studied 
general science possesses a great advantage 
over those who have not. 


YOUR GAINS FROM STUDYING GENERAL 
SCIENCE - Understanding scientific prin- 
ciples and being able to use them. *?4**All 
active volcanoes’ send forth gases and 
smoke" is a scientific principle. "*Many 
kinds of plants and animals can live only in 
water" is another. A scientific principle is a 
general truth. It is always a conclusion 
that has been arrived at from much observ- 
ing or experimenting, or usually from both. 
Correct observing and experimenting result 
in discovering facts. A principle sums up 
many separate, closely related facts into one 
truth that includes them all. 


‘Every statement preceded by ? is the statement of a 
scientific principle. See ‘This Book and You,” p. xi. 

‘Page 3; page 4, col. 1 and il. Note. In such foot- 
notes as this, col," “il,” and *'ftnt.? indicate ‘‘col- 
umn,” "illustration," and "footnote." Thus this foot- 
note means that page 3, column 1 of page 4, and an 
illustration on page 4 present facts about volcanoes. 
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Four branches of biological science that are important in general science are sug- 


gested here and two on the back cover of this book. Can you identify them? Have 


you ever tried to express an idea with a simple drawing such as this? Make one 


to illustrate some aspect of science for your classroom bulletin board 


To show how the first of the two prin- 
ciples just stated was arrived at: People 
observed volcanoes all over the world during 
a long period of time. Each observer noted 
that the particular volcano that he was ob- 
serving was sending forth gases and smoke. 
When this same fact had been reported 
about enough volcanoes, a general truth 
became evident. Scientists then combined 
these separate facts into one principle: 


PAIL active volcanoes send forth gases and 
smoke. 

P*Some volcanoes send forth lava in addi- 
tion to gases and smoke” is also a principle. 
But it is not so great a principle as the other. 
No doubt you can state why it is not. 

To show how the second principle was 
arrived at: Biologists have been studying 
plants and animals for centuries. They have 
found hundreds of thousands of different 
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Four branches of physical science are suggested here and two on the covers 
of this book. Can you identify them? 


kinds that can live only in water. From 
these separate discoveries, they built the 
principle "*Many kinds of plants and ani- 
mals can live only in water." 

A scientist has said, “Scientific principles 
control the earth and the universe. No- 
body can change them. Nobody can dis- 
regard them. Nobody can avoid them.” 
Hence understanding scientific principles 
and knowing how to apply them effectively! 
are of major importance. Such understand- 


Effectively (& fék’ttv lï): in such a way as to bring 
about a result. 


ing and knowledge can make the difference 
between success and failure during one’s en- 
tire life. 

Many scientific principles are stated and 
applied throughout this book. 

Learning to use scientific method. 
"Scientific method is an orderly way to solve 
problems. Whose problems? Those of the 
great scientists who spend their lives in the 
search for truth? Yes, but yours too and 
everybody else's. Here are some everyday 
problems that can be solved by applying 
scientific method: How can I improve my 
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Can you explain how science is involved in each of these activities? Can you think 
of other activities in which you engage “for fun” that involve science? Are any 
scientific problems suggested in these pictures? If so, what are they? 
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Making models of machines Raising house plants 


Making a mineral collection 


Applying first aid skillfully 


Still another reason for studying general science is the opportunities that it gives 
for pursuing scientific hobbies. Can you explain how each of the hobbies suggested 
here is related to science? Can you suggest other hobbies that involve science? 
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punting? How can I get the most value 
from my lunch money? How can I plan my 
work better so that I can have more free 
time? What is the best way to build a bon- 
fire? How can I make some money? What 
is the easiest and best way to wash dishes 
(illustration, p. 12)? 

The elements of scientific method are 
listed on page 534. You will be given many 
opportunities to see how they are used and 
to learn how to use them. Not all of them, 
of course, apply to every problem. 

Acquiring the scientific attitudes. 
Many people have strong prejudices. These 
prejudices may be against certain people, 
certain animals, certain places, or almost 
anything else. Also, many people believe 
in luck, charms, signs, and all sorts of other 
superstitions. Many people “jump to con- 
clusions" without considering matters “from 
all sides.” Some people "stick to their opin- 
ions," even after these opinions have been 
proved to be wrong. 


*All such people lack one or more of the 
scientific attitudes. The scientific attitudes 
are listed on page 535. They are guides to 
successful living. You can acquire them. 
This course in general science will help you 
to do so. After you have acquired them, 
you can apply some of them every day, 
wherever you are or whatever you do. 


SCIENTIFIC PRINCIPLES, METHOD, AT- 
TITUDES, AND PROGRESS - *Every scientific 
achievement,! great or small, was “born” in 
somebody's mind. It had to exist first in 
somebody's imagination. But imagination 
alone does not and cannot accomplish any- 
thing of scientific value. With it there must 
always be a sufficient understanding of sci- 
entific principles, command of scientific 
method, and possession of scientific attitudes. 

In theunits that follow you will have many 
opportunities to learn and apply scientific 
principles, to gain skill in the use of scientific 
method, and to acquire scientific attitudes. 


Checking What You Know 


SCIENTIFIC TERMS - Can you correctly 
pronounce, spell, define, and use each of the 
terms in the following list? You will find 
help in building a scientific vocabulary in 


the introduction to the Glossary, p. 537. 
Consult the Glossary as often as necessary. 


"astronomy 


*physics 
*botany 


*zoology 


*chemical 
*chemistry 


Applying and Extending What You Know 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - Can you state which of the five 
branches of science listed above is or are 
involved in each of the following activities? 
If there are any that you cannot identify 
now, see how soon after you have begun 


your study of general science you will be 
able to do so. 


Popping and eating popcorn 
Opening a can with a can-opener 


Identifying the evening star 

Spading a plot of ground for a garden 

Making some toast 

Looking for fossils 

Making a feeding shelf for birds and keeping 
it supplied 

Watching television 


‘Achievement (a chév'mént); something accom- 
plished or successfully done, especially a result ob- 
tained with patience, industry, and courage. 
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UNIT ONE 
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THE PART OF THE EARTH 
THAT IS AIR 


Clatworthy Coloryues. 


Planting young trout in a Colorado mountain stream. Experiment: Ix 


drinking water contain air? Fill a glass with cold water. Le 


about twenty minutes. What do you obser What infer 


to draw a conclusion from t 
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EXPLORING THE ATMOSPHERE 


I. What Are the Nature and the Extent of the Atmosphere? 


SCIENCE AND GOOD FISHING : One re- 
cent morning a  strange-looking truck 
stopped at a gasoline station in a small town. 
'The truck carried only a large tank. Near 
the front of the tank a small motor was 
running. The truck, and especially the 
motor, caught the attention of a passing boy. 
He asked the driver what was in the tank and 
what the motor was for. The driver replied, 
“The tank is nearly full of water, and there 
are live young trout in it—hundreds of them. 
I am taking them from a hatchery! to be 
planted in some lakes. The motor is pump- 
ing air into the water for the fish to breathe. 
If it didn't, the fish would breathe up all the 
air that was in the water when we started 
and would then die on the way" (illustra- 
tion, p. 16). 


AIR IN WATER - "Many kinds of animals 
besides fish, and many kinds of plants, live 
under water. Familiar examples of such ani- 
mals are clams,? shrimps, and sponges. 
Common examples of such plants are sea- 
weeds and the thread-like green plants that 
grow in creeks and ponds. No'doubt you 
can think of others, and later, when you 
study biology, you will learn about many 
more. Such animals and plants would die 
without air, just as we should. The air that 


1Hatchery (h3ch’ér Y): a place where fish are raised 


from the eggs. 
Page 5, il. 


they breathe is dissolved in the water and 
hence is not visible, as bubbles would be. 

Warm water contains less dissolved air 
than cold water. Hence some of the air that 
remains dissolved while water is cold will 
come out of the water as bubbles if the 
water becomes warmer. 


AIR IN SOIL - If you turn over a shovelful 
of soil, you usually see in it small animals, 
such as worms, ants, and beetles. "These 
animals get their air supply from the air that 
fills the cracks and spaces in the soil. 


THE ATMOSPHERE - “The air that is in 
water and soil gets into them, of course, 
from the atmosphere.‘ Scientists often call 
the earth's atmosphere, or the air, a “‘gas- 
eous envelope." Itis an envelope because it 
completely surrounds and covers the solid 
part of the earth. The atmosphere is also 
commonly called an “ocean of air.” We 
live at the bottom of this ocean. This gas- 
eous envelope, or ocean of air, is not, how- 
ever, something that is upon or above the 
earth. It is as much a part of the earth as 
are the soil, the rocks, and the bodies of 
water. 


STUDYING THE ATMOSPHERE - Early 
man may have observed that when he 


*Page 9, ftnt. 3. 
** Atmosphere (&t'mOs fer). Atmospheric (At més fé tk): 
having to do with the atmosphere, or air. 
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General Mills Research Laboratory 
Getting ready to send up a sky-hook. Why is 
the balloon only partly filled? 


climbed mountains he became “short of 
breath” at the higher levels. He must have 
discovered also that it was colder on the 
tops of mountains than at their bases. But 
he did not know why, in either case. Exact 
knowledge about the nature and extent of 
the atmosphere could not be obtained until 
scientists had developed suitable instruments 
for studying it. 
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Early methods. Early in the seventeenth 
century an important pioneer study of the 
atmosphere was made by Torricelli.’ He 
invented a crude barometer,’ of a type that 
will be described soon. With it he measured 
the difference in atmospheric pressure? at 
the top of the leaning tower of Pisa* and at 
the bottom. 

Modern methods. Scientists today have 
a number of effective ways of gathering facts 
about the atmosphere. Aviators take sam- 
ples of the air, at altitudes? of several miles, 
for scientists to study. Investigators send 
rockets more than 100 miles above the 
earth's surface, with instruments inside them 
that record the atmospheric conditions at 
various heights. But neither of these meth- 
ods has proved wholly satisfactory. The 
fliers cannot fly high enough, and the rock- 
ets do not stay at any level long enough. 

Recently these difficulties have been over- 
come with "sky-hooks? (illustration, left). 
A sky-hook is a great plastic balloon filled 
with the gas helium.’ It can rise to an alti- 
tude of 20 miles and can drift about there 
for hours. It trails a nylon rope. Attached 
to this rope are a thermometer, a barometer, 
a sunlight-recorder, and other instruments 
that automatically’ record the atmospheric 
conditions. After 6 hours an attached in- 
strument, operated by radio from the 
ground, rips the balloon apart. A para- 


1Torricelli (tor rē ch&l'lE): noted Italian scientist; 
lived, 1608-1647. 

?* Barometer (bà rém’é tér): an instrument for meas- 
uring atmospheric, or air, pressure. A 

**Pressure (présh'ér): the force that is pressing 
against a unit, as a square inch or a square foot. 
*Force: a push or a pull. 

‘Pisa (pé'za). 

**Altitude (l't tad): height above sea level, or 
level of the ocean surface. 

ĉHelium (he'lt ám). 1 

" Automatically (ô tō mXt't k31 Y): in a self-regulating, 
self-adjusting, or self-acting manner. 


chute then opens and brings the instruments 
safely down. 


STRUCTURE OF THE ATMOSPHERE . 
*Scientists think of the earth as being a 
solid core surrounded by three "shells" of 
air. The innermost shell is the lower atmos- 
phere, or part immediately above the earth’s 
surface. The other two shells compose the 
upper atmosphere (illustration, right). These 
three shells have no fixed boundaries. They 
have no surfaces, such as a lake or an 
ocean has. They are regions of the atmos- 
phere, with certain unique characteristics. 

The lowest shell. *The lower atmos- 
phere! varies in depth, or thickness, from 
about 5 miles at points above the north and 
south poles to 10 miles at points over the 
equator. It is the region in which all the 
familiar clouds are formed and all the 
storms occur. PThe air becomes rapidly 
thinner as the altitude increases. Conse- 
quently nearly four fifths of all the air is 
within this lowest shell. 

The middle shell. The lower shell of 
the upper atmosphere is the stratosphere.? 
It extends about 50 miles above the lower 
atmosphere. Airplanes can fly in this region 
at great speeds because its thin air offers 
little resistance to their passage. In the 
stratosphere winds sometimes travel much 
faster than even hurricanes or tornadoes at 
ground level. In fact, it is believed that 
such winds may sometimes have speeds of 
many hundred miles per hour. 

The outer shell. Beyond the strato- 
sphere is the outermost atmospheric shell.? 
The air in this region is ionized;* that is, 
small charges of electricity are attached to 


1Called the troposphere (tróp'o sfer). 
Stratosphere (strát'o sfer). 

Called the Zonosphere (i 5n'o sfer). 
AIonize (i'n iz). 


Avrora 


Avrora 


Upper atmosphere 


Avrora 


Á Rocket \ 


hloctilucent- clouds 


g by night) 


After Hotte AAAA 
Some facts about the atmosphere to an alti- 
tude of about 300 miles. How many ways can 
you state in which the “‘ocean of air” is 
different from an ocean of water? 
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the particles of air. This region extends for 
about 1000 miles. At that distance from the 
earth’s surface, the atmosphere gradually 


fades out and practically ceases to exist. Be- 
yond is space. Space is a nearly perfect 
vacuum.* 


2. What Are Some Further Important Facts about the Atmosphere? 


ATMOSPHERIC TEMPERATURES - From 
the time of the first balloon ascension," 
balloonists have reported that the air be- 
comes rapidly colder as the altitude in- 
creases. This fact was strikingly confirmed 
by the experiences of a balloonis? nearly 
a century ago. He was making a record 
ascension in an open basket suspended be- 
low the gas bag of a balloon. At an altitude 
of about 7 miles his eye-balls became frozen 
in their sockets. He was unable to move 
them, though he was not blinded or per- 
manently? injured. Others who since have 
risen almost as high, without proper protec- 
tion against cold, have had their hands and 
feet frozen (illustration, p. 32). 

'The cabins of modern air liners, at all 
seasons, are enclosed and are heated for the 
protection and comfort of the passengers. 

Wild geese have been known to fly at alti- 
tudes of about 6 miles. But at that height 
the air is too cold for any living things to 
remain long alive except the minute* plants 
and animals that float about in the air. 

Older scientific beliefs. Scientists have 
long known that the temperature of the air 
for a mile or so above the ground varies con- 
siderably from day to day. But, until re- 


l4scension (&sÉn'shün): the act of ascending, or 
rising. The first balloon ascension was made by 
Rozier (xo zya’), a Frenchman, near Paris, in 1783. 

*Glaisher (glà'shér), an Englishman, in 1864. 

‘Consult the first page of the Glossary (p. 537) for 
suggestions on vocabulary-building. 

‘Minute (mi nit’): very small. Do not confuse this 
word with minute of time, which is spelled in the 
same way. 
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cently, they believed that the temperature 
fell more or less uniformly as the altitude 
increased from that level to the stratosphere. 
They believed that it remained unchanged 
throughout the stratosphere. "Then, as they 
thought, it fell uniformly again until, at 
the outer limits of the atmosphere, it was 
near absolute zero. Absolute zero is the 
coldest temperature possible. 

Recently discovered facts have changed 
all these earlier beliefs. 

Present scientific knowledge. Imagine 
yourself on a rocket ship with a group of 
scientists who were able to record the tem- 
peratures of the atmosphere at various alti- 
tudes. You would find that only the lower 
part of the stratosphere had a fairly constant 
temperature (about 68 degrees below zero). 
At an altitude of about 30 miles you would 
pass through a layer, or belt, of hot air 
that was not much cooler than boiling 
water. The temperature would then again 
fall. At the top of the stratosphere, you 
would again find it well below the freezing 
temperature of water. 

As the ship shot upward through the 
outer shell of the atmosphere, you would 
find the temperature again rising for about 
300 miles. There you would discover that 
the air, thin as it was, would be hot enough 
to melt iron. 

From the second hot belt outward you 
would find the thermometers recording 
steadily falling temperatures. At the far- 


5*Vacuum (vàk'ü tim): a completely empty spaces 
one that contains neither air nor any other material. 


Making a mercury barometer. How high would the mercury column be in D 
if the glass tube were twice as long? Explain 


thest limits of the atmosphere the recorded AIR, A FORM OF MATTER - *Did you 
temperature would be near the lowest possi- ever bump your head against a window- 


ble temperature (absolute zero). pane when you leaned forward suddenly to 
The reasons for these changes of tempera- look out, because you did not see the pane? 
ture are not yet known. Such an experience provides convincing 
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evidence that glass is matter,! even though 
it may be invisible. Matter is any body or 
mass of substance. It is anything that has 
weight and occupies space, or room. There- 
fore air, which like some glass, is invisible, 
is matter because it takes up space and has 
weight. 

Itis easy to understand that air occupies 
space. When a toy balloon is being inflated, 
or “blown up,” the rubber skin of the bal- 
loon is stretched and crowded outward by 
the incoming air. You can see an automo- 
bile tire expand when air is pumped into it. 

It is harder to realize that air has weight. 
You can, however, easily prove that it has. 
Weigh on a balance a toy balloon and a 
piece of string. Then inflate the balloon, tie 
its neck tightly with the string, and set the 
balloon aside until any moisture that may 
be on the neck has dried. Weigh the 
balloon again. You will note that the bal- 
loon, when filled with air, weighs slightly 
more than it did when empty. The small 
difference in weight is due to the weight of 
the air in the balloon. 


ATMOSPHERIC PRESSURE - The quantity 
of air in a toy balloon weighs little. But the 
weight of all the air that composes the at- 
mosphere is greater than we can imagine, 

*The atmosphere presses upon the ground 
in much the same way as does a box upon 
the floor, or your body upon your bed, 
But unlike the box or you, "the atmosphere 
exerts its pressure not only downward, but 
in every direction, upon the surfaces of all 
objects in it. 

Measuring air pressure. You can make 
a barometer like the one that Torricelli used 
in his famous experiment? You will need 
some mercury, a medicine-dropper, a dish, 


1* Matter (mát'ér). 
*Page 18, col. 2. 


and a hollow glass tube. This tube needs to 
be an inch or so more than 30 inches long 
and must be sealed at one end. 

First, fill the dish about half full with the 
mercury. Then fill the tube with mercury, 
using the medicine-dropper (illustration, A, 
p. 21). Cover the open end of the tube with 
your finger. Then, without removing your 
finger, turn the tube upside down and put 
the end beneath the surface of the mercury 
in the dish (illustration, B). Remove your 
finger. The mercury will fall to a certain 
level in the tube. The pressure of the atmos- 
phere on the surface of the mercury in the 
dish will hold it at that level (illustration, C). 

*Torricelli found that the air pressure 
would support a column of mercury about 30 
inches high (illustration, D). If this column 
of mercury were 1 inch square, it would 
weigh about 15 pounds. In other words, 
the mercury column would exert a pressure 
of about 15 pounds per square inch against 
any surface upon which it rested. There- 
fore, since the atmosphere holds up this mer- 
cury column, it must exert a pressure equal 
to that of the mercury column. Thus, at sea 
level, the atmosphere exerts a pressure of 
about 15 pounds upon every square inch 
of surface. 

*Pressures of air and other gases are com- 
monly expressed in atmospheres. One at- 
mosphere of pressure is about 15 pounds per 
square inch. 

Water or any one of many other liquids 
could be used instead of mercury for making 
a tube barometer. In fact, a water barome- 
ter, which was in general like a mercury 
barometer, was made early in the seven- 
teenth century? The instrument had to be 
set up outside the house because normal 
atmospheric pressure can support a column 


“By Von Guericke (fon gà'rl kf): famous German 
scientist; lived, 1602-1686. 
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of water about 34 feet high (illustration, 
right). This fact will be used often later. 


AIR PRESSURE AND ALTITUDE - *Have 
you ever traveled up a high mountain in an 
automobile? If so, as you went higher, you 
probably felt some discomfort in your ears. 
No doubt you have noticed the same effect 
if you have ridden in an elevator to the top 
of a tall building. PAir pressure decreases, 
or becomes less, as the altitude increases. 
Hence the discomfort in your ears as you 
went higher up the mountain or in the ele- 
vator was due to the changing air pressure 
against your ear-drums. 

The aneroid barometer. The mercury 
barometer measures air pressure accurately, 
but for many purposes it is not convenient. 
You can probably think of several of its dis- 
advantages. From the time of Torricelli’s 
famous experiment, therefore, scientists 
sought to invent a type of barometer that 
would be both accurate and convenient to 
use. Finally, a little more than a century 
ago, a Frenchman! succeeded. He invented 
the aneroid,? a barometer without a liquid. 
It is now in general use (illustration, p. 
33). 

Altimeters. Barometers used for meas- 
uring altitudes directly are called altime- 
ters. Until recently aneroid barometers 
specially designed to fit into the instrument 
panels of airplanes were standard equip- 
ment as altimeters. Many are still in use. 
Such an altimeter enables an airplane pilot 
to know how high he is above sea level, even 
though fog is below him or he is flying after 
dark. But it does not enable him to know 


1Vidi (vē dé’), at Paris, in 1844. 

? Aneroid (án'ér oid). The term aneroid is made from 
two Greek words that together give the meaning ‘‘con- 
taining no liquid.” Page 33, No. 4; il. 

5Altimeter (al tim’é tér). 


After a print from Bettmann Archive 


Can you explain why the water column 
in Von Guericke’s barometer had to be 
so many times as long as the column in 
a mercury barometer, such as the one 
illustrated on page 21 


how far he is above the ground. Also, it does 
not warn him of mountain-tops, trees, or 
other objects that may be directly in the 
plane’s path. Fortunately, a better type of 
altimeter for use in planes has been invented. 
It is operated by radio waves. This type in- 
dicates both a plane’s distance above the 
ground and objects ahead into which it 
might crash. 
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3. What Substances Compose the Air? 


THE AIR, A MIXTURE - Can you remem- 
ber when you first heard the words oxygen! 
and nitrogen? Can you recall when you 
learned that these words are the names of 
two gases and that these gases are parts of 
theair? Probably you cannot, because these 
facts are now such common knowledge. 
Until about one hundred and seventy-five 
years ago, however, nobody, not even the 
greatest scientists, had ever heard of either 
of these common gases. Neither had yet 
been discovered and named. But since then 
scientists have learned practically all that 
there is to know about the composition of 


1*Oxygen (ók'st jën). ?* Nitrogen (ni'tro jén). 


This is a circle graph, showing the percentages 
of the three gases that make up nearly all the 
air. What gases are not represented in this 
graph? Why are they not? What facts about 
oxygen and nitrogen do the two small 
drawings indicate? 


the air. Here are some of the most impor- 
tant facts that they have discovered: 

*The air is a mixture of many substances. 
These substances are chiefly gases. Float- 
ing about in these gases are solid particles of 
dust of many kinds. Each of the many sub- 
stances that make up the atmosphere retains 
its own characteristics, just as if none of the 
others was present. 


* THE GASES THAT COMPOSE THE AIR - 
*The gaseous envelope of the earth consists 
chiefly of three colorless gases, namely,’ 
nitrogen, oxygen, and argon.‘ Nearly four 
fifths of the atmosphere is nitrogen, some- 
what more than one fifth is oxygen, and 
nearly 1 per cent is argon (illustration, 
left). On the average, about three parts 
of the air in ten thousand is carbon dioxide.* 

The air contains also traces of helium, 
neon,’ krypton,’ and xenon. These are 
known as the “rare gases," with which argon 
is also often included. Water vapor, which 
is also considered a gas, is always present, 
too. The amount of it present, however, 
constantly varies. All these gases are with- 
out color, odor, or taste. 

Many other gases are parts of the air. 
The total quantity of any one of them, how- 
ever, is far smaller than that of any of those 
already mentioned. Many of them escape 
from volcanoes, oil wells, and hot springs 
and otherwise from the earth. Others get 
into the air from manufacturing plants, fac- 
tories, and dwellings. Some of the gases 
from volcanoes can destroy plant and ani- 


Page 7, ftnt. 2. 

“Argon (ár'gón). 

5*Carbon dioxide (kär'bön di ók'sid). 

S Neon (ne'ón). " Krypton (kríp'tón). 
Xenon (z&'nón). 
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A dust-bowl storm. How many kinds of damage could such a storm do? 


nM Sey PNE Eel A ie 


mal life. But they are rarely concentrated! 
enough to do much damage. Chemical 
fumes from manufacturing plants sometimes 
become sufficiently concentrated in cities to 
be unpleasant or even dangerous. To illus- 
trate, not long ago, in one city in the United 
States, acid? fumes in the air caused holes 
and runs in nylon stockings. More will be 
said about the effects of such fumes later. 


DUST IN THE AIR - *We usually think of 
dust as being finely powdered soil. But that 
is only one kind of dust. There is both non- 


1Concentrate (kön’sën trat): to increase the propor- 
tion of something at a certain place. 

2Acid (As'Id): a substance, usually sour in taste, 
that turns blue litmus paper red. Vinegar, lemon 
juice, and sour milk are familiar acid substances. 


living and living dust. The non-living dust 
includes not only powdered soil, but also 
particles of soot, ashes, rock, cloth, animal 
skin and fur, and plant structures. The 
living dust includes minute plants and ani- 
mals, as well as pollen? grains. Most of these 
plants and animals are harmless to man. 
Some, however, are disease germs. Some 
of the dust causes allergies.* 

Usually there is not enough powdered soil 
in the air to be harmful. But the terrible 
dust storms that sweep over and out of the 


3Pollen (pBl'Én): minute yellow bodies that are 
produced in flowers and that are necessary for the 
production of seeds. 

4Allergy (&l'ér ji): a diseased condition caused by 
certain foods, pollens, or other substances. Allergic 
(& lür/jtk): subject to or related to such a condition. 
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“dust bowls” of the United States and 
Canada do great damage (illustration, 
p. 25). They bury crops and buildings. 


4. What Is the Nature of the 


"INTO THE UNENOWN" - Often scien- 
tists carry on experiments with no definite 
purpose in mind, but merely to discover 
what they can. In 1774 Priestley! per- 
formed such an experiment. He floated 
some mercuric oxide (a red powder) on the 
top of the mercury in a barometer tube. 
Then he heated the powder by directing 
the sun's heat upon it with a burning glass. 
'To his surprise, he noted that the mercury 
column was being pushed downward in the 
tube. Evidently a gas was being formed 
from the mercuric oxide and was collecting 
above the mercury. 

Priestley collected enough of this gas for 
study. He found that a candle would burn 
brightly in it and that a mouse could live 
comfortably in it. This gas was later named 
oxygen. 

Priestley's discovery of oxygen is now 
considered one of the great milestones of 
science. 


OXYGEN : *Without oxygen there would 
be no life on the earth. Also, without it 
there would be no fire. Of all the gases in 
the air, oxygen is chemically the most ac- 
tive.? Therefore, besides being free in the 
air, it is also combined with other sub- 
stances in the air and with many in the 
earth. 

As Priestley's discovery indicates, oxygen 

1Joseph Priestley (prest'li): a famous English chem- 
ist, who spent his last years in Pennsylvania; lived, 
1733-1804. 

*A chemically active substance is one that readily 


combines with other substances and thus forms “new” 
substances. 


Also, sometimes the dust damages the lungs 
of people and farm animals enough to 
cause their deaths. 


Gases That Compose the Air? 


can be secured from some of the substances 
that contain it. On pages 33 and 34 are 
the directions for an experiment by which 
you can prepare oxygen and discover for 
yourself some facts about it.? 

Oxygen is not combustible‘; that is, it will 
not burn, as cooking gas does, which is com- 
bustible. Oxygen does, however, support 
combustion.5 This statement means that a 
burning substance will continue to burn 
when surrounded by oxygen. If you have 
performed the experiment on oxygen, you 
have found that a glowing splinter will 
burst into flame when thrust into a bottle 
of oxygen. From this experiment you could 
learn also that red-hot steel wool will flare 
up brightly and burn in oxygen. 


OXIDATION - *The process by which 
oxygen unites with other substances is called 
oxidation." The substances that are formed 
by oxidation are called oxides. To illus- 
trate, when steel wool, which is made of iron, 
is burned in oxygen, iron oxide is formed. 
The commonest oxides, however, are car- 
bon dioxide and water (hydrogen? oxide). 
Both are formed whenever wood or any 
other fuel burns. Also, both are exhaled, 
or breathed out, by plants and animals. 


*See also page 33, No. 3. 

“*Combustible (köm büs'tt bl). 

“Combustion (köm büs'chün): the process of burn- 
ing. 

**Oxidation (ök st da'shün). 

"Oxide (k'sid). 

SHydrogen (hi'dro jën): a colorless, odorless gas that 
is highly combustible and is the lightest substance 
known. 
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What evidences of rapid and slow oxidation do you see here? 


Some oxides, such as iron oxide, are solids. 
Others, such as carbon dioxide, are gases. 
Still others, such as water, are liquids. - 

Rapid oxidation and slow oxidation. 
The burning of a building and the exploding 
of gun-powder might seem to be different 
processes from the rotting of dead timber 
and the rusting of iron. Yet all are examples 
of oxidation. Burning wood and exploding 
powder are examples of rapid oxidation. 
Rotting is slow oxidation that is brought 
about by the life activities of bacteria! and 
other simple plants. 


1*Bacteria (bak tēr'ï å): plants that have one- 
celled bodies and belong to the lowest group of plants. 


*Oxygen combines with most materials so 
slowly that no burning results. But heat is 
always given off in the process, though not 
fast enough to be noticed or to produce 
light. The rotting of cloth and the drying 
of paint are further examples of slow oxi- 
dation. Usually slow oxidation takes place 
only if moisture or some other factor in 
addition to oxygen is present (illustration 
above). T'o illustrate with an experiment: 

Rinse with water the inside surface of a 
small glass jar. Sprinkle dry iron filings into 
the jar so that they will cling to the moist 
surface. For a control,? put about the same 

As Scientists Work," p. 534. 
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quantity of filings into another and similar 
jar that is kept dry on the inside. Cover 
both jars and set them aside together for 
a few days. When you then examine them, 
you will see that the wet filings have rusted, 
but the dry filings have not. 


DAMAGE FROM RUSTING - Rusting is of 
greater importance in our civilization than 
most people realize. Millions of dollars of 
damage results every year from the rusting 
of machinery and other steel or iron objects. 
A great scientist has said that modern civili- 
zation is a race to make steel faster than it 
can be destroyed by rusting. 


————————————E 


The Hindu Temple in Mammoth Cave Na- 
tional Park, Kentucky. Before going down into 
a well, mine, or part of a cave where carbon 
dioxide may have collected, men lower lighted 
candles to the bottom. Why? 


Ray Scott 


PREVENTING OR DELAYING SLOW OXI- 
DATION - Slow oxidation can be useful, as 
well as harmful. It is useful when it results 
in the drying of paints and varnishes and 
in the curing of hay. It is harmful when it 
causes cloth or lumber to rot, as well as when 
it causes iron to rust. 

*The slow oxidation of iron or steel can 
often be made slower, or oxidation may even 
be prevented, by protecting the surfaces 
from moisture and oxygen. Thus, when 
machinery is shipped great distances in 
crates, small bags of certain chemicals! are 
placed in the crates. These chemicals ab- 
sorb the moisture from the air. In the dry 
air the machinery does not rust. Also, metal 
Surfaces are often protected against oxida- 
tion by covering them with a film of oil or 
with paint. In each case the covering sub- 
Stance prevents rusting by keeping the mois- 
ture and oxygen away from the metal sur- 
faces. Thus the steel surfaces of farm imple- 
ments are covered with oil or petroleum? 
jelly before being stored for long periods. 

Automobile bodies are painted not only 
to make them more attractive, but also to 
keep them from rusting. If later any of the 
paint is scratched off or otherwise removed, 
the exposed metal soon rusts. Steel beams 
on bridges and in buildings are similarly 
protected by a coat of red paint (red lead). 

The rusting of steel nails, kitchen pails, 
and wash-tubs is delayed by coating them 
with zinc.) This metal oxidizes before the 
iron does. Hence it.forms a tight protecting 
cover of zinc oxide over the iron. 


These chemicals are silica gels (sil/{ka jélz) or, 
sometimes, calcium chloride (kál'stüm klo'rid). You 
will learn about these substances when you study 
chemistry. 

*Petroleum (pē tro'le tim). 

This process is known as galvanizing (gál'và niz- 
Ing). 
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NITROGEN - Nitrogen is neither a com- 
bustible, like cooking gas, nor a supporter of 
combustion, like oxygen. It is a necessary 
part of the foods of plants and animals. As 
will be explained later, living things could 
not grow or produce young without nitro- 
gen. In industry, nitrogen is used for partly 
filling electric-light bulbs. Also, it finds ex- 
tensive use in the manufacture of fertilizers. 


CARBON DIOXIDE - The gas that bubbles 
out of soda pop, or “tonic,” is carbon diox- 
ide. This gas weighs so much more per 
cubic foot than air that it can be poured 
from one vessel to another. Hence it tends 
to flow into low places and hollows if these 
places are protected from winds. Carbon 
dioxide therefore often collects in old wells, 
in mines, and in hollows in cave floors! (il- 
lustration, p. 28). 

Carbon dioxide is not combustible, nor 
does it support combustion. Hence it is 
used for extinguishing fires, as will be ex- 
plained later. It is not poisonous; but if a 
person were surrounded by carbon dioxide, 
he would soon drown because he could not 
obtain oxygen. In spite of this fact, carbon 
dioxide is essential to both animals and 
plants. It regulates the breathing of animals. 
Also, it serves as a raw material with which 
green plants make food. 

Liquid carbon dioxide confined in small 
steel bulbs or in cylinders is used for inflating 
rubber life-saving jackets and life rafts. The 
liquid carbon dioxide changes to carbon 
dioxide gas as it escapes from the containers 
into the jackets or rafts. These safety devices 
then float as if they were great carbon diox- 
ide bubbles. 


1Page 32, “Topics for Individual Study,” No. 1. 


When liquid carbon dioxide under great 
pressure in cylinders is allowed to escape, it 
changes into a white snow. This is solid 
carbon dioxide, or Dry Ice. No doubt you 
have seen white, “steaming” cakes of it. 


WATER VAPOR - No doubt you can think 
of reasons why water vapor is one of the 
most important substances in the air. It will 
be discussed at various points later in this 
book. 


THE RARE GASES - As parts of the atmos- 
phere the rare gases? are of no importance 
to man or other living things. In industry, 
moreover, only a few uses have yet been 
found for them. Some are put into clectric- 
light bulbs and into the tubes of electric 
signs. 

Helium is the “lightest” of all substances 
except hydrogen. It will not burn. Hence, 
of course, it will not explode, as hydrogen 
can and sometimes does if it becomes mixed ` 
with oxygen. Therefore helium is used to 
fill balloons and dirigibles instead of hydro- 
gen, even though it has only about half as 
much "lifting force." The helium for such 
purposes is not obtained from the atmos- 
phere. Most of the world's supply is ob- 
tained from the natural gas of Texas, Okla- 
homa, and Kansas. 


SUMMARY - The essential substances of 
the atmosphere are oxygen, nitrogen, carbon 
dioxide, and water vapor. All are necessary, 
directly or indirectly, to life. The non-essen- 
tial substances are dust, the rare gases, and 
gases that get into the air from factories and 
industries and from the interior of the earth. 


?Page 24, col. 2. 
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Checking What You Know 


PRE-TEST OR POST-TEST - In this book 
these sections are planned to test your under- 
standing of what you have just studied.’ The 
tests are of three types: 


1. The modified multiple-response type. Each 
of the items of this type has five or more 
choices. One of these choices will prob- 
ably make the statement correct. If so, 
indicate which one. Maybe none of the 
choices will make the statement correct. If 
none does, supply still another choice that 
will make the statement true. To illustrate: 


Ordinary atmospheric pressure is about 
(1) 30; (2) 20; (3) 15; (4) 10; (5) 5 
pounds per square inch. 


The correct choice is present and is (3) 15. 


Ordinary atmospheric pressure is (1) 30; 
(2) 25; (3) 20; (4) 10; (5) 5 pounds 
per square inch, 


None of the choices makes the statement 
correct. Hence you would need to supply 
the correct one, 15. 


2. The modified true-false type. In every 
item of this type one or more words are 
printed in italics. If the statement is correct, 
do not change it. But if the statement is not 
correct, make it so by changing one or more 
of the italicized words. To illustrate: 


Ordinary atmospheric pressure is about 
75 pounds per square inch. 


This statement is correct as it is and hence 
should not be changed. 


Ordinary atmospheric pressure is about 
30 pounds per square inch, 


This statement is not correct. To make it 
correct, you must change 30 to 15. 


3. The completion type. Each of the items 
of this type has in it one or more blanks to 


*This Book and You,” paragraph 8, p. xi. 


be filled. You must make the statement 
correct by putting one or more words in 
each blank, thus: 


Ordinary atmospheric pressure is about 
--?.. pounds per square inch. 


You can make this statement complete 
and correct by adding 15 in the blank. 


The following test items are of the Modi- 
fied Multiple-Response type. (Do not write 
in this book.) 


Pages 17-20. 1. Air is found (1) only 
above the solid earth; (2) never in water; 
(3) rarely in soil; (4) in no cave; (5) over 
the solid earth, in the soil, and in water. 

2. The lower atmosphere extends from 
the earth’s surface to a height of about (1) 
1 mile; (2) 5 to 10 miles; (3) 20 miles; 
(4) 50 miles; (5) 100 miles. 

3. In the lowest shell of the atmosphere 
(1) there are clouds and storms; (2) there 
are temperatures almost as high as that of 
boiling water; (3) there is almost a perfect 
vacuum; (4) there are temperatures as low 
as absolute zero; (5) there are temperatures 
as high as that of melted iron. 

4. As a balloon rises, the air pressure 
against it (1) increases; (2) decreases; 
(3) does not change; (4) increases and then 
decreases; (5) decreases and then increases. 


Pages 20-24. 5.In the lower strato- 
sphere the temperature (1) increases as the 
altitude increases; (2) remains the same 
throughout; (3) decreases as the altitude 
increases; (4) rises considerably, then falls 
considerably; (5) is about as low as ab- 
solute zero. 

6. The atmosphere has pressure because 
it has (1) altitude; (2) “shells”; (3) water 
vapor; (4) clouds; (5) weight. 

7. The pressure of the atmosphere at sea 
level is (1) 0 pounds per square inch; (2) 
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10 pounds per square foot; (3) about 15 
pounds on every square inch of surface; 
(4) about 30 pounds on every square inch 
of surface; (5) about 1$ atmospheres. 


8. The instrument that indicates not only 
the height of a plane above ground ob- 
jects, but also objects in the plane’s path, 
is (1) a mercurial barometer; (2) a thermom- 
eter; (3) an ordinary altimeter; (4) a 
radio-wave altimeter; (5) a sky-hook. 


Pages 24-26. 9. The air (1) is made 
up of gases only; (2) contains no living 
things; (3) is made up of solids, liquids, 
and gases; (4) contains only a few gases; 
(5) contains no substances that are harmful 
to man. 

10. The most abundant gas in the air is 
(1) oxygen; (2) water vapor; (3) argon; 
(4) carbon dioxide; (5) neon. 


Pages 26-30. 11. The substance in the 


air that makes fires burn is (1) oxygen; 


(4) 


(2) nitrogen; (3) carbon dioxide; 
water vapor; (5) one of the rare gases. 

12. An example of slow oxidation is (1) 
a burning log; (2) burning iron; (3) a 
rotting stump; (4) blazing paper; (5) a 
glowing coal. 

13. Carbon dioxide is (1) poisonous; 
(2) usually in liquid form; (3) needed by 


plants, but not by animals; (4) needed by 
animals, but not by plants; (5) needed by 
all living things. 


SCIENTIFIC PRINCIPLES . Below are some 
scientific principles that are stated, ex- 
plained, or illustrated in the material that 
you have just studied. It is important for 
you to be able to explain each of them in 
your own words and to give an example of 
each. It is always best, if you can, to il- 
lustrate a principle with an example from 
your own experience or knowledge. 


1. PAir pressure decreases as the altitude 
increases. 


2. The air exerts its pressure in all direc- 
tions against the surfaces of objects in it. 


3. "Air exists not only above the solid 
earth, but in water and soil as well. 


4. PLiving things need air in order to live. 


SCIENTIFIC TERMS 


Can you correctly spell, define, and use 
each of the following essential scientific terms? 


*®altitude *combustible *matter 
*atmosphere *combustion *nitrogen 
*barometer T?^control *oxidation 
*carbon dioxide inference *oxygen 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK : 
The items included under this heading 
emphasize the various scientific attitudes! 
and give practice in applying the elements 
of scientific method.? 

1. The dry iron filings in the experiment 
on page 27 served as the control. Moisture 
was the experimental factor.” Can you ex- 
plain these statements? 


1Page 535. *Page 534. 


2. Which of the scientific attitudes does 
the story on page 26 indicate that Priestley 
possessed? Which of the elements of scien- 
tific method did he use in this experiment? 


CONSUMER SCIENCE : Science is the 
basis of most consumer education. As you 
study this book, you will find many facts, 
principles, and other materials that closely 
apply to food, shelter, clothing, and other 


See introduction to Glossary, p. 537. 
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Archive 


One of the earliest balloon ascensions. The 
gas bag was filled with hot air from a fire. 
What dangers did these balloonists risk? 


things that people must buy and use. These 
materials will suggest questions. Such ques- 
tions are well worth discussing in your 
class, your home-room, or your science 
club. A discussion of them may even be 
made a part of an assembly-hall program, 
presented before the whole school. 

1. Consumers of fish for food are, of 
course, benefited by having live fish trans- 


ported to suitable new habitats.! Can you 
think of other groups of consumers who 
might also be benefited? 


2. What sentence on page 28 suggests 
how you can make tools and farm imple- 
ments last longer? 


APPLYING YOUR KNOWLEDGE OF 
SCIENCE - 1. Why are the cabins of pas- 
senger airplanes pressurized? (Look up 
pressurize in the dictionary.) 


2. There is air in the soil? Why, then, 
do coal-miners sometimes wear air masks 
when they go deep into mines? An air 
mask fits tightly over the face and is sup- 
plied with oxygen from an oxygen tank. 


3. Can you suggest two reasons why the 
air over great cities often contains several 
times as great a percentage of carbon dioxide 
as that over rural areas? 


4. On a warm day goldfish often come to 
the surface of the water in a goldfish bowl 
and remain there gasping. Can you ex- 
plain why? 


TOPICS FOR INDIVIDUAL STUDY : 
1. In Italy there is a cave known as the 
Dog Grotto. Dogs entering this cave soon 
become unconscious, and if not taken 
quickly into the open air, they die. Men, 
however, may enter the cave and move 
about unharmed. Ask the school librarian 
or the librarian in your public library to 
help you to find facts about the Dog Grotto. 
Take notes and be ready to explain in class 
or in your science club why the grotto is a 
“dogs graveyard.” 

2. In what ways is slow oxidation causing 
damage to your family possessions? Make a 
list of your possessions that can be affected 


"Habitat (hàb'tt&t): the place, or immediate 
locality, in which a plant or an animal lives; the 
plant’s or animal’s surroundings, or ‘environment 
(ën vi'rün mënt). 

*Page 17, col. 2. 
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by slow oxidation. In what ways are they 
being protected in order to reduce slow 
oxidation? How can they be protected 
better than they now are? 

3. Chemists express with the following 
equation what happens when potassium 
chlorate is heated (as in the experiment, 
p. 34): 

2 KCIO; — 2 KCl +3 O2 


KCl is potassium chloride, or potassium 
combined with chlorine. The equation 
may be stated simply in words thus: ‘‘ Potas- 
sium chlorate breaks up and forms potas- 
sium chloride and oxygen.” Further ex- 
planations of how to read chemical symbols, 
formulas, and equations will be given at 
various points in this book. Consult a 
dictionary or a chemistry text to find out 
what kinds of substances potassium and 
chlorine are. 


4. The aneroid barometer (illustration 
below) operates thus: 

The top of the metal box (in B) is pressed 
down somewhat as the atmospheric pres- 
sure becomes greater. The top moves up- 
ward somewhat as the atmospheric pres- 
sure decreases. The slight rising pushes up 
the spring a little. The slight sinking pulls 
it down. By means of the system of metal 
bars, these movements shorten or lengthen 
the chain that is attached to the pointer. 
Thus they cause the pointer to swing the 
proper distance in the right direction to 
indicate the correct reading on the dial. 
How does a self-recording barometer, or 
barograph, such as is used by the Weather 
Bureau, differ from this type of aneroid? 
Consult physics texts. 


EXPERIMENT - Does oxygen itself burn, 
or do various other substances burn in oxy- 


The working parts of an aneroid barometer. The atmospheric pressure against 
this page would be the same if the page were twice as big or half as big. Explain 
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gen? In other words, is oxygen combus- 
tible, or is it a supporter of combustion? 
(Caution: Gently stir (do not grind) together 
about 2 tablespoonfuls of potassium chlo- 
rate! and one of manganese dioxide.?] Be 
sure that the black substance you use is 
certainly manganese dioxide.* Put the mix- 
ture into a test tube. Insert a short piece of 
glass tubing through a one-hole rubber 
stopper. [Caution: Before inserting any 
glass tube in a rubber stopper, wet the tube 
and wet also the sides of the hole in the 
stopper. Then thrust the tube through the 
hole a little at a time, keeping your fingers 
always close to the stopper. Gently twist the 
tube as you insert it.] Attach a rubber 
delivery tube to the end of the piece of tub- 
ing that projects from the top of the stopper. 
With the stopper, close the test tube and 
clamp it to the stand. Put the free end of 
the delivery tube into a pan partly full of 
water (illustration below). 


1Potassium (po t&s't tim) chlorate (klo'rat). 

*Manganese (ming’ga nes) dioxide (di ók'sid). 

‘No danger is involved in this or any other experi- 
ment in this book if you follow the directions exactly. 


Move the burner flame slowly back and 
forth over the part of the test tube where 
the mixture is. [Caution: Do not heat the 
mixture fast.] When four or five bubbles 
per second are escaping from the delivery 
tube, the heating is about right. After 
a few minutes, to allow the oxygen to sweep 
the air out of the tube, put the free end of 
the tube under the mouth of an inverted 
bottle of water (illustration below). Fill 
four bottles with oxygen in this way. As 
each bottle becomes full, cover it with a 
glass plate while its mouth is still under 
water. Set it upright on the desk. 

Light a wooden splinter. Partly remove 
the glass plate from one bottle and instantly 
thrust the flaming splinter down into the 
oxygen. Then instantly pull it out and 
cover the bottle again. Docs the oxygen 
itself burn? Does the burning splinter 
continue to burn in the oxygen? 

Into another bottle of oxygen thrust a 
glowing splinter. What happens? 

Answer now the question at the beginning 
of the experiment and state your reasons 
for your answer. 


Preparing oxygen. Why is the gas collected under water? 


Potassium chlorate and 
manganese dioxide 


--- 
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DOING WORK WITH AIR 


1. How Are Differences in Air Pressure Explained? 


DEFEATED BY AIR PRESSURE - Many 
years ago a three-masted sailing ship was cast 
upon a sandy Oregon beach during a winter 
storm. The vessel was injured so little that 
its owners decided to have it dragged back 
into the ocean the following summer. By 
summer, however, the tides had piled sand 
high against the shore side of the ship. This 
sand could not be dug away as fast as the 
tides could replace it. But that on the ocean 
side easily could. 

Cables were attached to the wrecked ship 
from vessels off-shore and from powerful 
clonkey engines firmly anchored on the sand 
at the water's edge. But all efforts to pull 
the vessel free failed. Pulling on the ship 
tended to make an almost perfect vacuum! 
between its shore side and the wet sand. 
Hence the air pressure of 15 pounds on 
every square inch? of the exposed ocean side 
of the ship made a total force of many tons. 
"This force held the vessel firmly against the 
sand. There it remained to be battered to 
pieces by winter storms. 


MOLECULES AND AIR PRESSURE - It is 
©asy to understand how the weight of the at- 
xnosphere upon the flat sand around the 
wrecked ship could equal 15 pounds on 
€very square inch. It is harder to under- 
Stand how the atmosphere could exert the 

1Consult the Glossary to review the meanings of 


t erms that have already been defined. 
*Page 22, col. 2. 


same pressure against the nearly vertical 
side of the ship. It is still harder to under- 
stand how small quantities of enclosed air 
can exert great pressures. For example, 
there is never as much as a pound of air in 
an ordinary automobile tire. Yet the air 
confined in it may exert a pressure of three 
or more atmospheres. Here is the explana- 
tion of these facts: 

*?Every substance is made up of particles 
called molecules? These molecules are not in 
the substance. They are the substance. All 
the molecules of any pure substance are alike, 
but they are different from the molecules 
of every other substance. For example, all 
oxygen molecules are alike, but they are dif- 
ferent from hydrogen or nitrogen molecules. 

Molecules vary greatly in size, but they 
are all much too small to be scen with even 
the most powerful laboratory microscope. 
It is estimated, for example, that a thimble- 
ful of air consists of more than a billion 
billion molecules. A great scientist has 
stated that if a drop of water were mag- 
nified to the size of the earth, the molecules 
of water composing it would be only about 
as big as good-sized oranges. 

*Air consists of molecules of all the differ- 
ent, gases that compose it. These molecules 
are chiefly those of nitrogen, oxygen, argon, 
and water vapor. Every particle of dust in 


3* Molecule (mol’é kal). Molecular (mo lék'à Ier): 
having to do with molecules. 
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Can you explain why an automobile tire that has “30 pounds of pressure" has ac- 
tually a pressure of 3 atmospheres, or 45 pounds per square inch, against its in- 
side walls? The illustration on page 15 shows a recreational use of air pressure. 

What is it? Can you state other recreational uses of air pressure? 


the air is also composed of great numbers 
of molecules. 

*Molecules are not alive. Yet they are 
constantly moving about in all directions, 
some as fast as a mile per second. As the 
air molecules dart about, they strike against 
one another and also against the surfaces 
of every object that the air touches. Minute! 
as they are, their combined impacts? pro- 

Page 20, ftnt. 4. 


“Impact (im'păkt): the force of a blow, such as that 
of a hammer against a nail or a baseball against a bat. 


duce the air pressure that is exerted against 
all surfaces exposed to them. Thus the ex- 
posed side of the wrecked ship received 
enough impacts from the billions of air 
molecules that were constantly striking it 
so that a total pressure of about 15 pounds 
was exerted on every square inch of its sur- 
face (illustration above). 


NO PERFECT VACUUMS - *Inside a per- 
fect vacuum there would not be a single 
molecule of any kind. But there is no such 
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thing as a perfect vacuum. What is called a 
vacuum is always a partial vacuum. A 
partial vacuum is a space that contains 
fewer molecules per cubic inch than the 
atmosphere outside it. Even out in space 
beyond our atmosphere, there are occa- 
sional molecules. The highest vacuum that 
man can produce is far from being as nearly 
perfect as the vacuum that exists there. 
With his best vacuum pumps, man can re- 
move from an enclosed space all but about 
one of every million million molecules of 
air. Yet such a space still contains many 
millions of molecules per cubic foot. 

*The fewer molecules of air there are ina 
space, the fewer are the impacts of the mole- 
cules against objectsinside that space. Hence 
the less is the pressure inside that space. Hence 
a partial vacuum may be defined, again, 
as a space in which the air pressure is less 
than the atmospheric pressure around it. 


OPPOSING AIR PRESSURES - What is 
likely to happen if ordinary air pressure 
pushes against the smaller pressure of a par- 


tial vacuum? A simple experiment will en- 
able you to answer this question. Pour 
water into a varnish can to a depth of about 
half an inch. Boil the water in the can for 
about five minutes (illustration, A, below). 
With a cloth holder place the can on the 
table. With a rubber stopper quickly close 
tightly the opening in the top of the can (il- 
lustration, B). [Caution: Do not touch any 
part of the can after you have corked it.] 
Watch it. In a few minutes you will notice 
that the sides of the can are beginning to 
bend inward and that the can is collapsing 
(illustration, C). 

This experiment is explained thus: Most 
of the steam from the boiling water escapes 
from the can. As it goes out, it “sweeps out” 
along with it most of the air in the can. 
Closing the opening in the can prevents air 
from entering again. After the can has been 
removed from the heat and has been sealed, 
it begins to cool. When it has cooled enough, 
the steam that is still inside it begins to 
change back into drops of water. "This 
water occupies less than one seventeen- 


Why would it be dangerous to close the can without first removing it from the flame? 
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hundredth as much space as the steam did. 
Therefore a partial vacuum is formed in- 
side the can. But the pressure outside re- 
mains unchanged. Hence, as the pressure 


of the steam against the inside surfaces be- 
comes less and less, the greater pressure of 
the atmosphere on the outside surfaces 
forces the sides of the can inward. 


2. What Are Some Practical Uses of Differences in Air Pressure? 


YOUR USES OF AIR PRESSURE - How 
many times during an ordinary day do you, 
personally, make use of differences in air 
pressure? The number would probably sur- 
prise you. You probably drink soda or 
something else through a straw at noon or 
after school. Perhaps you fill your fountain 
pen. You may play basketball during your 
“gym period" or football after school. Dur- 
ing your gym period you probably use the 
cups on the bottoms of your gym shoes to 
keep you from slipping. Can you add to 
this list? 


'The illustration below shows some other 
common appliances! in which use is made 
of partial vacuums. 

The lift pump. The lift pump is another 
appliance of this type. In rural areas the 
lift pump is in common use for raising water 
from wells and springs (illustration, p. 39). 

As the handle is first raised, the piston is 
pushed down. Valve B remains closed. The 
air between the valves is compressed. When 
the air pressure below valve A becomes 


‘Appliance (à pli'áns): a machine, an instrument, 
an implement, or a device. 


"Every device in which a partial vacuum is used actually makes use of atmospheric 
pressure, together with the reduced pressure of a partial vacuum. PAir always 


tends to move from points of greater pressure to points of lesser pressure. Can you 
explain how this principle is applied in each of the devices shown here? 


'Obstruclion (Sb strük'shün): anything that blocks or closes a way. 
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pressure 


How the lift pump operates. Can both valves ever be open or closed 
at the same time? 


great enough, it pushes that valve open. 
Most of the air confined between the valves 
escapes through valve A. As the pump han- 
dle is pushed down, the piston ascends. Valve 
A is closed. A partial vacuum is formed be- 
tween A and B as the space between them 
increases. Then the greater air pressure on 
the water in the well forces some water 
into the pipe and upward through valve B. 


On the next downward stroke of the pis- 
ton, some of this water flows through 
valve A. On the following upstroke, valve A 
is closed, and the water above it is pulled 
upward by the piston. This water is re- 
placed by more water forced through 
valve B by the air pressure in the well. 
As these movements of the piston are re- 
peated, the water is forced higher and 
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Some common uses of compressed air, Can you explain how each appliance operates? 


higher. Finally, on each upstroke, water 
flows out of the pump spout. 

As has been stated,! normal atmospheric 
pressure can hold up a stationary column 
of water about 34 feet high. When water is 
moving through a pump, however, this 
height is reduced considerably because of 
friction. 

In many rural sections windmills are used 
to move the pistons of lift pumps up and 
down. 


COMPRESSING AIR : Air can be com- 
pressed by either making the container 
smaller or forcing more air into the con- 
tainer. In either case the molecules are 


'Page 23, col. 1, il. 


crowded more closely together. Conse- 
quently more molecules are constantly strik- 
ing against the inside surface of the con- 
tainer, thus increasing the pressure. 

You can illustrate the first way by squeez- 
ing an inflated? toy balloon in your hands. 
As you crowd the air molecules into a smaller 
space, you can feel the increase of their 
pressure inside the balloon. 

You illustrate the second way when you 
inflate a football, a basketball, or a tire. The 
size of the container (the ball or the tire) 
remains practically the same. But as more 
air molecules are forced in, the pressure is 
increased, making the ball or the tire harder. 


*Inflate (tn flat’): to cause something to expand by 
forcing a gas into it. 
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PRACTICAL USES OF COMPRESSED AIR - 
If, in these days, a wrecked ship were in the 
same situation as the ship described earlier, 
it could be saved. Compressed air would be 
forced through pipes into the sand against 
the shore side of the ship, as the attempts to 
float the vessel were made. The compressed 
air would prevent the forming of a nearly 
perfect vacuum between the ship’s side and 
the wet sand. It would make the air pres- 
sure against both sides nearly enough equal 
so that the vessel could be dragged back 
into the ocean. 

The machines and devices in which com- 
pressed air is used about the home and in 
industry are many. They include atomizers; 
paint-sprayers; riveting hammers for fasten- 
ing together steel plates and beams in build- 
ings, bridges, ships, and the like. Also, they 
include jack-hammers, or pneumatic? drills, 

IPage 35, col. 1. 

*Pneumatic (nū m&t'tk): moved or operated by air 
pressure. All the appliances (instruments and ma- 


chines) that are operated by air pressure are pneu- 
matic appliances. 


for breaking pavement and rock; sand- 
blasts for polishing iron castings; and com- 
pressed-air brakes for street-cars, railroad 
trains, and some trucks and busses. 

All the pneumatic appliances shown on 
page 40 accomplish their purposes with com- 
pressed air. But a force pump employs both 
atmospheric pressure and compressed air. 


THE FORCE PUMP - The force pump lifts 
water up from the well in the same way as 
does the lift pump. When the piston de- 
scends, however, the water is forced through 
valve A faster than it can flow out of the 
pump (illustration below). Hence it *backs 
up" into the air dome. As it does so, it com- 
presses the air in the dome. When the pis- 
ton rises, valve A is forced shut, so that the 
water cannot flow back into the space below 
the piston. At the same time more water is 
being forced up from the well and through 
valve B. Meanwhile the compressed air in 
the dome is expanding and thus is forcing 
a steady stream of water out of the pipe. 


A, a force pump; B, a compressed-air water system. Can the dome in 4 or the 
tank in B ever be completely filled with water? Explain. Force pumps are used 
in fire engines and fire-boats to force water to great heights 


Compressed air 


| pressure 
i 
| 


Electric 


THE COMPRESSED-AIR SYSTEM - Witha 
compressed-air system water from the source 
is forced into a sealed tank (illustration, 
p. 41). As the water level rises in the tank, 
the air above the water becomes compressed 
enough to force the water to the top of the 
building. When the tank becomes about 
three-fourths: full, the motor stops auto- 
matically.’ 

When a faucet is opened, the compressed 
air in the tank forces the water through it. 
When the tank is emptied enough so that 
the pressure of the air in it is reduced to a 
certain point, the motor automatically 
starts the pump again. 


PRACTICAL USES OF VARYING AIR PRES- 
SURES + Some appliances make use of com- 
pressed air, ordinary air pressure, and par- 
tial vacuums. Such a combination is em- 
ployed in atomizers, in paint guns, and in 
spray guns for killing insects. 

When the bulb of an atomizer is squeezed, 
the air in it is compressed. This compressed 
air is forced across the top of an open tube 
that extends down into the liquid (illus- 
tration, right). It streams over the tube 
mouth and carries along with it some of the 
air in the top of the tube. Hence a partial 
vacuum is formed there. ‘Then the atmos- 
pheric pressure on the surface of the liquid 
in the container forces the liquid up through 
the tube. The moving stream of air sepa- 


1Page 18, ftnt. 7. 


A model made to show how a perfume atom- 
izer or a throat atomizer operates. A small 


hole in the cover admits air to the bottle. Why 
is this hole necessary? 


rates the liquid into minute drops. It carries 
these along as a spray and shoots them in à 
jet or a cloud wherever desired. 

A paint gun operates in just the same 
way. So also does a spray gun for insects. 
“Insecticide? bombs," which are rapidly re- 
placing spray guns, likewise operate in 
essentially the same way. 


2Insecticide (1n s&k'tt sid): a chemical substance, 
usually a liquid or a powder, that kills insects. 
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Checking What You Know 


PRE-TEST OR POST-TEST - The follow- 
ing test items are of the Modified True-False 
type. This type and others used in this book 
are described on page 30. (Do not write in 
this book.) 

Pages 35-38. 1. Every solid, liquid, or 
gaseous body is made of minute particles 
called molecules. 

2. The molecules that make up a grain of 
dust are the same as the molecules that com- 
pose a drop of water. 

3. Molecules are not living things, but 
they make up the bodies of a// living things. 

4, There are fewer molecular impacts 
against the inside surfaces of a vessel con- 
taining a partial vacuum than against the 
outside surfaces, and hence the air pressure 
on the inside surfaces is greater than that 
against the outside surfaces. 

5. A perfect vacuum is hard to produce. 

6. Air tends to move from wherever its 
pressure is greater toward points where its 
pressure is less. 

Pages 38-42. 7. A lift pump operates 
because the air pressure on the water in the 
pump is made greater than that in the well. 

8. A cubic foot of compressed air contains 
a smaller number of molecules than a cubic 
foot of air at normal atmospheric pressure. 


9. The pressure of an enclosed volume of 
air is decreased if the size of the container is 
increased and vice versa.! 

10. Pneumatic appliances accomplish 
their purposes by means of partial vacuums. 

11. A force pump can raise water to a 
greater height than a lift pump. 

12. When a lift pump or a force pump 
is in use, one valve is forced open while the 
other is forced shut. 


SCIENTIFIC PRINCIPLES - 1. Every sub- 
stance is made up of tiny particles called 
molecules. 

2. PThe molecules of every substance are 
constantly in motion. 

3. PWherever air pressures are not equal, 
the air tends to move from wherever the 
pressure is greater to wherever it is less. 

4. PGases tend to occupy all the space 
available. 

5. The more air an enclosed space con- 
tains, the greater is the pressure that the 
air exerts. 


SCIENTIFIC TERMS 


^i *pressure 


*vacuum 


*molecule 
tpartial vacuum 


air 
*apparatus 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK : 1. A 
family had just bought a new car. They 
soon found that sometimes the right front 
door could be closed only by slamming it. 
They asked the dealer to find the trouble 
and remedy it. But he could find nothing 
wrong. The boy in the family, however, had 
been watching carefully when the door was 
being closed. Suddenly he had an idea. 
“Say,” he said, “the only time it's hard to 


close the front door is when the windows 
and all the other doors are closed. The 
car’s so new that it’s probably still air-tight. 
If it is, then closing the door compresses the 
air inside. The compressed air is what 
makes the door hard to shut.” 

Which of the scientific attitudes (p. 535) 
are illustrated in this story? 

1Vice (vi's&) versa (vür'sd): a Latin phrase mean- 
ing "in the opposite order” or the other way round.” 


[43] 


Tug of war. Can you think of two ways in which the forces exerted by the two 
teams of boys here are different from the forces (pressures) against the inside and 
the outside of an automobile tire? 


2. Can you state the problem! that the 
family with the new car wanted to solve? 
Can you state the boy's hypothesis? in one 
sentence? How would he test his hypothe- 
sis? What check experiments would he 
perform? 


3. Can you suggest another experiment by 
which you might find the answer to the 
question following the title “Opposing Air 
Pressures” on page 37? What apparatus? 
should you need in performing it? 


CONSUMER SCIENCE - 1. Why is it more 
economical to spray paint than to apply it 
with a brush? 


IPage 43, “As Scientists Work and Think,” No. 1. 

"Hypothesis (hi póth'ésis); plural, hypotheses (hi- 
poth’é séz): a possible explanation of how or why 
something occurred, based on all the known facts. 
Some scientists consider hypothesis and theory (thé’6 rY) 
to have the same meaning. Others consider a theory 
to be a partly proved hypothesis. When either a 
hypothesis or a theory has been proved to be true, 
completely and without question, it becomes a fact 
or a principle. 

*Apparatus (áp à ra’ttis): everything used in per- 
forming an experiment. 


2. Why is an insecticide bomb more effec- 
tive than the hand-type spray gun? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. During the first strokes of a lift 
pump, compressed air is used. Where? 
How? 

2. Why will a rubber suction cup stick 
better to a wet surface than to a dry one? 


3. Vacuum brakes are used on some 
trucks. What is the greatest amount of pres- 
sure that can be exerted in applying these 
brakes? 


4. In the experiment on page 37, why 
are you told not to touch the varnish can 
as it cools? 

5. Why does it require less air to inflate 
a balloon in Denver than in Boston? 

6. How does a rubber plunger make use 
of air pressure in clearing a clogged pipe? 

7. About half the air is removed from a 
container. The container has a surface area 
of 200 square inches. At sea level, about 
how many more pounds of air pressure are 
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on the outside of the container than on the 
inside? 

8. Why should you empty the ink from 
your fountain pen before flying in an air- 
plane? 

9. Why, in high altitudes, does your rate 
of breathing increase? 

10. Why is it more difficult to lift your foot 
from soft mud than from dry ground? 

11. In the story on page 43, why was it 
not difficult to close the door of the car when 
a window was open? 

12. On each square foot of your body sur- 
face, the air exerts a pressure of more than 
a ton. Thus there is a total force of many 
tons on your entire body. Can you explain 
why your body is not crushed under this 
tremendous pressure? 

13. How many of the practical uses of dif- 
ferences in air pressure (p.40) can you 
explain? 


TOPICS FOR INDIVIDUAL STUDY : 
1. Perhaps you have helped your mother to 
can vegetables or fruits in “vacuum-seal” 
jars. First, the vegetables or fruits are placed 
in the jars, with the juices or other liquids. 
The covers are then screwed on firmly, but 
not so firmly that the jars are made air- 
tight. The vegetables or fruits are then 
cooked by heating the jars in boiling water 
or in a pressure cooker. Consult a text- 
book in home economics or a cook-book 
for an explanation of how the jars "seal 
themselves.”+ Why do not the jars, when 
they are heated, explode from the steam 
that is formed inside them? 

2. Investigate the construction and opera- 
tion of an insecticide bomb. 

3. Asiphon is a convenient device for emp- 
tying a liquid from a container when the 
liquid cannot be poured out (illustration 
on this page). It is a bent hose or tube 
with unequally long arms." From a phys- 
ics text find how and why a siphon operates. 


Atmospheric 
pressure 


Under what conditions will the siphon cease 
to flow? 


Prepare a report on the siphon or a demon- 
stration of one in operation, for your science 
class or science club. 


EXPERIMENTS - 1. Can you force a hard- 
boiled egg into a milk bottle without break- 
ing the egg? Remove the shell from a hard- 
boiled egg without breaking or cracking the 
white. Then grease the inside of the neck 
of a milk bottle with petroleum jelly. 
Loosely roll a quarter sheet of paper and 
set it afire. Drop it quickly into the bottle. 
As soon as the flame dies, insert the small 
end of the egg snugly into the neck of the 
bottle. What happens? Can you explain 
why? In what ways is this experiment sim- 
ilar to the one on page 37? 

Can you get the egg out of the bottle? 
Invert the bottle and shake it so that the 
small end of the egg rests in the neck of the 
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bottle. Place your mouth over the end of 
the bottle and force in as much air as you 
can. Then quickly remove the bottle from 
your mouth. Can you explain what hap- 
pens? 

Can you make a principle of the following 
sentence by choosing one word from each 
pair in italics? "Air (pushes, pulls) objects 
toward places where the air pressure is (/ess, 
greater). 


2. Can an inflated balloon be made to ex- 
pand by reducing the air pressure on its 
outer surface? Into a gallon jar that has a 
mouth about 1$ inches wide, put a small 
balloon that is partly inflated. Into the 
mouth of the bottle put a one-hole stopper 
into which a short piece of glass tubing has 
been inserted. Connect the tubing with an 
exhaust pump or with an aspirator. Then 
set the pump or aspirator in operation. 
What happens? Can you explain why? 


3. Can you "unbend" the varnish can 
that was crushed in the experiment described 
on page 37? It the seams were not broken 
when the can collapsed, you may be able 
to do so, partly at least. Find a one-hole 
rubber stopper that will fit tightly into the 
opening in the top of the can. Into the hole 
of the stopper insert a 2-inch length of glass 
tubing. (Wet the outside of the tube first.) 
About 1 inch should extend above the top 
of the stopper. Then force the stopper into 
the spout as tightly as you can. With a 
heavy piece of rubber tubing connect a 
tire pump to the short glass tube. It may be 
necessary to wrap with wire the points at 
which the rubber and glass join, in order to 
be sure of a tight seal. Have somebody 
hold the joint with his hands. Then pump 
air into the can. Do the sides and top of 
the can straighten? If so or if not, can you 
explain why? 


COMMUNITY APPLICATIONS OF SCI- 
ENCE - 1. Investigating the ways in which 
air pressure is used in the public works 
in your community. Suggest that your class 
select a member to visit the department of 
public works in your community in order to 
find what types of machines are used in main- 
taining and repairing public property. His 
report to the class should include mention of 
the machines in which air-compressors and 
exhaust pumps are found. 


2. Studying the values of vacuum 
cleaners. There are both upright and cyl- 
inder types of vacuum cleaners. Suggest 
that each student determine and report to 
the class the type used in his home. Which 
type seems more popular among the fam- 
ilies represented in your class? Suggest also 
that several class members report on the 
operation of each type and also upon its 
advantages and disadvantages. 

3. Learning about air pressure in auto- 
mobile tires. Find how many pounds of air 
pressure is carried in the tires of the various 
makes of cars that are driven by friends of 
your family. Why do the pressures in the 
tires of various makes of cars vary? 


BULLETIN-BOARD DISPLAYS - 1. Col- 
lect pictures of machines that are operated 
by compressed air. Arrange the pictures on 
the bulletin board in your science room, Ex- 
amine textbooks of physics to determine how 
compressed air is used in these machines. 
Below each picture fasten a card on which 
is written a brief description of how the 
machine operates. Save the pictures for the 
permanent file. 

2. After you have displayed the pictures 
of the machines in which compressed air is 
used, put up a display that illustrates uses of 
partial vacuums, 
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UNIT TWO 


MEMMIUS 


WATER AND ITS USES 


H. Armstrong Roberts 


TM 


SECURING A SAFE WATER SUPPLY 


l. What Is the Nature of Water? 


"COOL WATER" - About a century ago 
settlers from the East, in great trains of cov- 
ered wagons, were making their months-long 
journeys to California and the Oregon 
Country. The dangers they encountered 
were grave and constant, and the hardships 
were many and severe. Yet perhaps the 
greatest problem of these courageous pio- 
necrs was that of getting enough water. 

Scouts went ahead to locate roads. But 
this task was not merely one of mapping 
trails over which it would be possible for the 
wagons to travel. The roads had to pass at 
convenient intervals near springs, streams, 
water holes, or other sources of drinking 
water. The necessity for making certain of 
a water supply added hundreds of miles to 
the length of the journey. 

Every wagon carried a keg of water to be 
used in emergencies. Such emergencies were 
frequent where the trails crossed the Western 
deserts. Often, there, the pioneers saw what 
looked like a lake or a stream just ahead. 
But as they advanced, the water retreated. 
It proved to be only a mirage.! You have 
probably often seen a somewhat similar one 
while driving on a hot day, when the pave- 
ment ahead has appeared to be covered with 
water. 

Often the pioneers suffered greatly for 
lack of water. Yet there was never a time 


!Mirage (mlrüzh'): a false scene produced by the 
bending of light rays through different layers of air, 


when great quantities of it were not all 
about them. But it did them no good be- 
cause they could not get it. It was in the air 
in the form of water vapor. It was in the 
ground as a film of moisture over the sur- 
faces of all the soil particles, even in the 
driest deserts. It composed most of the 
body of every plant and animal that they 
saw. 


WHAT WATER IS - If you hold a cold, dry 
piece of iron over a gas flame for an instant, 
then remove it, you will be able to see a film 
of moisture on the iron. The moisture 
(water) has been formed by the combining 
of hydrogen in the gas with oxygen in the 
air. The hydrogen is thus oxidized. 

"Water is hydrogen oxide? The water, 
as it is being formed by the oxidation of the 
hydrogen, is hot. It is therefore in the form 
of a vapor. But when the hot vapor touches 
the cold iron, it is quickly cooled enough 
so that it condenses? as a small amount of 
moisture. Large quantities of hydrogen and 
oxygen combine to form only a little water. 
Thus, if 2 gallons of hydrogen were com- 
bined with 1 gallon of oxygen, only a small 
number of drops of water would be formed. 


*The chemical formula for water is H20 (see No. 3, 
p. 33). 

*Condense (kön d&ns’): to change from a gas or a 
vapor to a liquid. *Condensation (kön dën sa'shün): 
the act or process of condensing. 
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The Prospectors. Yn what state is water visible here? In what state, invisible? 
In what state is it not present? 


THE STATES OF WATER - "Like other 
forms of matter,! water exists in three states, 
namely, as a liquid, as a solid, and as a gas, 
or vapor. Everybody is familiar with water 
in the liquid state. You might expect every- 
body to be familiar also with solid water, 
or ice (illustration above). Yet there are 
primitive tropical people who have never 
seen ice. Moreover, nobody has ever seen 
water in its gaseous? form, namely, steam, 
or water vapor.’ 

This last statement may seem strange. 


1Page 22, col. 1. 

Gaseous (gás'e tis): like a gas in form or nature. 

*Steam and water vapor are really the same. Both 
consist of separate molecules of water. It is common, 
however, to call the water vapor that comes from 
boiling water steam. When you study physics and 
chemistry, you will learn some ways in which a vapor 
and a gas are different. 


You may think at once of the cloud that 
forms near the spout of a tea-kettle of boiling 
water. That cloud, however, is not steam. 
The steam is between it and the end of the 
spout. It is invisible. "Whenever any vapor 
becomes cool enough, it condenses into a 
liquid. The condensing of the moisture in 
the gas flame, upon the cold iron (as de- 
scribed above), is an application of this 
principle. When the steam from the water 
that is boiling in a tea-kettle gets far enough 
away from the spout to become sufficiently 
cooled, it changes to minute‘ drops of water. 
These drops form the cloud that we can see. 
Similarly, clouds in the sky are not com- 
posed of water vapor. They are masses of 
tiny drops of water or ice crystals formed 
from the condensation of water vapor. 
4Page 20, ftnt. 4. 
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Board of Water Commissioners, St, Paul 


A unit of the St. Paul water system. It includes a pumping plant and facilities 

for purifying, softening, and storing the water. Group Investigation: Suggest 

that a committee of three be elected by your class to study and report on your 
local water system 


‘Purify (pü'ri fi): to make pure—in this case, to make wholesome. 


2. From What Sources Are Our Water Supplies Obtained? 


THE QUANTITIES OF WATER NEEDED - 
How much water must be provided for your 
needs every day? How much do you use 
directly? How much for drinking? How 
much do you require for bathing and other 
personal needs? 

How many gallons do you use indirectly? 
How much is your share of what is used in 
your home for cooking, washing dishes and 
clothes, and keeping the house or apartment 
clean? How much is your share of what is 
used for washing streets and for other sani- 
tary purposes? How much for sprinkling 
lawns? How much for performing all the 


innumerable! other services from which you 
benefit? How much do you waste? 

An average man drinks less than half a 
gallon of water per day. Yet New York 
City makes available about 130 gallons per 
person per day! 


SOURCES OF WATER + The supply of 
water on which man depends comes from 
three main sources. These are natural and 
artificial lakes and ponds; streams; and 
ground water from springs and wells. 


innumerable (1 nü'mér à b’l): without number; too 
many to be counted. 
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Lakes. Each of a considerable number 
of great cities, including Cleveland, Detroit, 
Chicago, Milwaukee, and Buffalo, obtains 
its water supply from one of the Great Lakes. 
Portland, Oregon, brings much of its water 
from Bull Run Lake, a relatively small lake 
at the foot of Mt. Hood. 

Many cities secure their water supplies 
from storage reservoirs, or artificial lakes. 
For example, Baltimore depends mainly on 
the Prettyboy and Lochraven reservoirs. 
New York has a system of great artificial 
lakes, or storage reservoirs, that together 
cover an area of considerably more than a 
thousand square miles. 

Streams. Many cities secure their water 
supplies from rivers and streams. For ex- 
ample, St. Louis supplies its needs from the 
Mississippi and Missouri rivers, and Seattle 
from the Cedar River (illustration, p. 50). 
Little Rock obtains all its water from moun- 
tain streams in the Ouachita National 
Forest. Small streams supply the needs of 
many rural communities. 

*Water obtained from mountain lakes and 


streams is likely to be purer than that se- 
cured from low-land sources. Wherever pos- 
sible, therefore, storage reservoirs are built 
in the mountains near the sources of supply. 
Such a reservoir is made by damming the 
outlet of a lake or by building a dam across 
the end of a watershed. A watershed is a 
drainage area, from which the water runs 
off into a single river, stream, or lake. The 
watershed may be many miles long. 

Ground water. "Water seeps into the 
ground from rainfall and melting snow. It 
sinks through the various layers of porous! 
soil until it reaches the bed-rock. The bed- 
rock is not porous. Hence the water collects 
on the top of it and completely saturates,? 
or soaks, the soil to varying distances above 
it. The upper limit, or surface, of this layer 
of saturated soil is called the water table 
(illustration below). 

*The water table is not a level surface, 


1Porous (po'rüs): full of pores, or holes, like a 
sponge or bread. 

2Saturate (sách'oó rat): to fill as completely as pos- 
sible, as a cloth with water or air with water vapor. 


a MMM——————————————— 


What title do you suggest for this picture? Make up questions that can be 
answered from a study of this picture. One might be “Why is there water 
in one well, but not in the other?" 


Some of the unpleasant odor and disgusting taste of the water were caused by algae.! 
Can you think of other causes? 


"Algae (Al'je): singular, alga (Xl'gà): 


simple water plants of many kinds. The common 


fresh-water kinds are green. Many are small, but visible: Many are microscopic. 


like the surface of a kitchen table or a pond. 
Its distance below the top of the ground dif- 
fers at various places. Also, in any locality, 
it shifts upward or downward as the weather 
and the seasons change. In most areas it 
varies several feet per year. During a period 
of many years it varies much more. But in 
most sections of the country the average 
level remains about the same. How far 
below the top of the ground it is depends on 


factors such as the topography! of the area, 
the amount of rainfall or snowfall, and the 
type of soil (clay, sand, loam, or gravel). 
The water table rises after a rain, as more 
water collects above the bed-rock. It falls 
during dry weather, as the underground 
water supply diminishes. 

VTopography (tō pög'rå fY): the surface features of 


an area, or “the lay of the land,” including the hills, 
swamps, and streams. 
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Wells and springs. Many rural commu- 
nities depend for water on ground water 
from wells and springs. Even some large 
cities, such as Indianapolis and Waterloo 
(Iowa), secure water from wells. 

A well must be dug deep enough so that 
its bottom will be below the water table the 
year round. During the establishment of 


Whites City at the Carlsbad Caverns in New 
Mexico, fourteen deep wells were dug in the 
vain search for a water supply. Still an- 
other well was dug. At a depth of more than 
a quarter mile, abundant water flowed into 
it. None of the previous ones had happened 
to strike the water table. In some wells, 
water is found at depths of half a mile. 


3. How Is the Water Supply Made Safe to Drink? 


FOUL WATER -In the days when all 
ocean travel was by sailing ship, voyages 
often required many months. The water 
butts, or great casks, were filled before sail- 
ing (illustration, p. 52). After that, fresh 
supplies of water could rarely be obtained 
except when rain water could be collected. 
The water supply became staler and staler, 
and less and less pleasant to drink. Weeks 
before a long voyage was completed, the 
water had often become so disgusting in odor 
and taste that nobody would drink it except 
when extreme thirst forced him to do so. 


PURE WATER: Of course the drinking 
water in the old sailing ships, though safe to 
drink, was obviously far from being pure. 
But nobody has ever drunk any pure water 
during his entire life-time. Pure water is 
chemically pure water. It contains no 
germs, no dissolved minerals, air, or other 
substances, and no sediment.” It consists of 
molecules of water and nothing else. 

For all practical purposes distilled? water 
is pure. In the process of distillation,® ordi- 
nary water is boiled, so that the water mole- 


1* Mineral (mïn'čr äl): one of the substances that 
make up the rocks and soil of the earth. 
*Page 4, ftnt. 5. Very small particles of sediment 
that settle out of still water are called sut. 
?Disti] (dis ttl’). *Distillation (dis til a'shün). 
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cules escape as steam, leaving the solid im- 
purities behind. Then the steam is cooled 
to condense it into drops of water. These 
are collected in a sterile‘ container (illus- 
tration below). 

4Sterile (stér’tl): free from minute living things, espe- 


cially disease germs. Sterilize (stér^t liz): to make sterile. 
ROUEN STEIN AURI E T 


A simple means of distilling water. How would 


you explain this diagram to somebody who 
knew nothing about distillation? 


Distilled water has limited but important 
uses. It is employed by chemists in prac- 
tically all their experiments for which water 
is required. It is used by druggists and doc- 
tors in making drugs and medicines. On 
most ocean liners nearly all the fresh water 
that is used is distilled water. In localities 
where the water supply is hard, only dis- 
tilled water can be used in automobile 
batteries. 


SAFE WATER - "Unless you are sure that 
water is safe to drink, it is better for you to 
Stay thirsty than to drink it. Also, only 
water that is safe to drink should be used in 
preparing raw vegetables for food. Safe 
water is water that contains no impurities in 
sufficient numbers or quantities to be harm- 
ful. The harmful impurities are usually 
disease germs, chiefly bacteria! or proto- 
zoans? They get into the water usually 
along with sewage? and surface drainage. 
Drinking water is probably never entirely 
free from them. But it does not need to be, 
in order to be safe to drink. The human 
body can destroy most germs that get into 
it, if they are not too numerous. 

*Maybe you have heard somebody state 
that water is safe to drink if it is clear or if 
frogs are swimming in it. Neither of these 
statements is true. Water can be crystal 
clear and still be dangerously contaminated! 
with disease germs. You cannot tell from 


1Page 27, ftnt. 1. 

?*Protozoans (pro to zo'ánz), or protozoa (pro to- 
zō'å): animals that have one-celled bodies and that 
make up the lowest group of animals. Only a few are 
disease germs. 

3Page 4, ftnt. 4. 

‘Contaminate. (kön tim't nat): to pollute (pë lit’), 
that is, to make impure or unclean, and thus make 
dangerous or unfit for drinking or other uses. Con- 
tamination (kön tim Y nà'shün): the act or process of 
contaminating or the state of being contaminated, or 
polluted. 


its appearance whether it is safe or not, 
because nearly all disease germs are micro- 
scopic.’ On the other hand, water can be 
brown with mud and still be wholesome be- 
cause sediment is not in itself harmful. As 
for the frogs, the water in which they are 
commonly found is as likely to be contam- 
inated as not (illustration, p. 55). 

Besides some germs, safe drinking water 
always contains some dissolved air and 
minerals. It often has in it also some sedi- 
ment or silt. Water distributed in a city or 
other community usually contains, in addi- 
tion, traces of a germicide* such as chlorine.’ 

"The water supplies of citics are tested for 
purity daily. Water from springs, wells, and 
other sources of rural supply should be 
tested for safety every few months. The 
state board of health will usually make such 
tests free of charge. Also, state universities 
and agricultural colleges and the public- 
health bureaus of great cities usually will 
render this service. 


MAKING THE WATER SUPPLY SAFE AND 
PLEASANT TO DRINK . The water from 
most sources is not safe to drink until it has 
been purified. Water supplies are most 
often contaminated by sewage, by chemical 
wastes, or other wastes from industrial plants, 
or by surface drainage (illustrations, pp. 51 
and 55). Itis cheaper, safer, and in all ways 
more satisfactory to remove such impurities 
from a city's water supply before the water 
enters the mains. 

Getting rid of mud and germs A 
typical city that secures its water supply 


Use the Glossary for reviewing the meanings of 
terms that have already been defined. 

*Germicide (jür mi sid), disinfectant (dis Yn fék’ tint), 
and antiseptic (án ti sép'tik) are all commonly used to 
mean "a germ-killing substance." 

"Chlorine (klo'ren). Page 7, ftnt. 6. 
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*The water supplies available along popular hiking trails and camping spots are 
often contaminated with sewage. If, on an outing, you are not sure that the water 
is safe, you can make it so by boiling it for half an hour. It is as important to 
boil the water in which vegetables and dishes are to be washed as to boil the drink- 
ing water. Why? Why are floods likely to contaminate water supplies? 


from muddy rivers first impounds' the water 
in great settling basins, or reservoirs. There 
itis allowed to remain for many weeks or 
cven months. Most of the mud and other 
Solid particles settle to the bottom, carrying 
With them most of the disease germs. The 
partly clear water is drained off. The thick 
layer of sludge? is then removed, usually 
"with bulldozers. 

Silt particles that are too small to sink to 
the bottoms of the settling basins are re- 

!Impound (im pound"): to collect and store water in 


a reservoir or pond. 
2Sludge (sláj): sediment, chiefly mud. 


moved by coagulation? and filtration.* 
Small quantities of alum and ammonia are 
mixed with the water from the settling 
basins. This water is then pumped into co- 
agulation basins. The alum and ammonia 
combine to form jelly-like particles. These 
settle, carrying with them most of the par- 
ticles of silt and some of the remaining 
disease germs. 


5Coagulation (ko ag ū là'shün): the act or process of 
coagulating. Coagulate (ko ág'ü lat): to unite into 
a sticky, jelly-like, or solid mass. 

4Filtration (fil trà'shün): the process of filtering, 
or passing through porous material such as sand. 
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San Francisco Water Department 


The Calaveras Aerator, which is part of the San Francisco water system. In what 
other way might water be aerated with oxygen? 


Filtration practically completes the re- 
moval of solid particles. This process con- 
sists of allowing the water to sink through 
filtering layers of sand and gravel or sand 
and coke. 

When necessary, the filters are cleaned by 
forcing water back through them from the 
bottom upward. The silt and germs are 
thus washed loose from the filtering layers 
and are flushed away through special drain- 
pipes. 

Killing the remaining germs. The 
methods just described remove from the 
water about 90 per cent of the disease germs. 
Nevertheless, enough may still remain in 
the water to cause various diseases. These 
germs are killed by aeration! or chlorina- 
tion? or both. 

lAeration (à čr a’shtin): the process of mixing with 
air or some other gas, usually carbon dioxide. 

Chlorination (klō ri na'shün): the process of adding 


chlorine to the water supply or to sewage to kill disease 
germs in it. 


The water is aerated by spraying it into 
the air. The germs are killed by the sun- 
shine and by the oxygen that dissolves in 
the water from the air (illustration above). 

Chlorine is now added to the water sup- 
plies of most communities, even though 
other means of purification? are also used. 
Under ordinary conditions chlorine is a 
yellow-green gas. It is changed to the liquid 
state by being cooled and compressed. 
Chlorine is a poison. Four or five parts of 
liquid chlorine per million parts of water 
are enough to kill germs in water. But so 
small a proportion of chlorine is not danger- 
ous to people, pets, or farm animals. 

Recent experiments indicate that germs 
can be killed in water and the water made 
safe to drink at relatively little expense by 
means of ultra-violet rays. Ultra-violet rays 
are closely related to light rays. They will 


3Purification (pū rt ft ka’shtin): the act of purifying 
—in this case, killing the germs. 


[56] 


be discussed later. Ultra-violet rays give 
to the water neither taste nor odor, as 
chlorine and other chemical germicides 
commonly do.! 

Getting rid of unpleasant smells and 
tastes. Sometimes the water supply gets 
an unpleasant smell and taste from certain 
kinds of algae that grow in it. Such algae 
can be killed by adding “blue vitriol,” 
or copper sulfate, to the water. In many city 
water systems, therefore, burlap bags filled 
with blue vitriol are dragged slowly through 
the large reservoirs by motor-boats. The 
>l uc vitriol slowly dissolves and is distributed 
throughout the water. In the water sys- 
tems of other cities a solution? of blue 


vitriol is sprayed from motor-boats into 
the reservoirs. 

Blue vitriol is poisonous to man, as well as 
to algae. Therefore only about 10 pounds 
are used for each 1,000,000 gallons of water. 
This small quantity is large enough to kill 
the algae. It is not great enough, however, 
to harm the people who drink the water or 
even to be noticed by them. 

In many city water systems, activated? 
charcoal in powdered form is mixed with 
the water. Activated charcoal is charcoal 
that has been processed so that it can, to an 
unusual extent, take up and hold unpleas- 
ant tastes and odors. The charcoal settles 
and is readily removed. 


4. How Is the Water Supply Distributed? 


PROBLEMS OF WATER DISTRIBUTION - 
Y ave you ever thought about the problems 
that must be solved in distributing the 
water supply in a great city? Hundreds of 
miles of mains are needed to convey the 
water to the principal distributing points. 
“Thousands of miles of small pipes are re- 
Q uired to lead the water from these points 
into all parts of office buildings, factories, 
and homes. Sufficient water pressures must 
be maintained in the mains and pipes. No 
«loubt you can think of other problems in- 
"v olved in water distribution. 


MAKING USE OF GRAVITY FLOW 
Water always flows from higher to lower 
£xround for the same reason that a kicked 
£Sotball falls to the ground or that rocks roll 


!Page 60, Consumer Science,” No. ih 

2* Solution (so la’shiin): a mixture consisting of a 
Solvent and one or more other substances dissolved 
1xi it, Solvent (sÓl'vént): a substance, usually a liquid, 
that dissolves other substances. Soluble (sól'ü b'I): 
<apable of being dissolved. 


down hills. They fall or roll down because 
of the force of gravity./ Wherever possible, 
therefore, storage reservoirs are built above 
the towns that they serve, so that the water 
will flow into the mains. If the water is 
collected and impounded* in mountainous 
localities, it must be piped long distances 
through conduits? to the city reservoirs. 


MAKING USE OF PUMPS . Cities and 
towns that obtain their water supplies from 
lakes, wells, or other sources that are lower 
than the homes and buildings must use 
pumps to raise the water to the necessary 
levels. The water is pumped through the 
pipes to the purification plants. Thence it is 


3 Activate (kt vat). 

4*Gravily (griv't ti): the attraction that exists be- 
tween the earth and every body on or near it. Gravity 
acts like a downward pull on every such body. 

5Page 55, ftnt. 1. 

SConduit (kón'dwit): a means of conveying water, 
such as a canal, a pipe, or a main. 
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Three sources of water supply for country 
homes. Which of these sources do you think 
likely to be safest? Explain 


pumped into water towers, stand-pipes, or 
storage reservoirs above the community. 
From these the water goes to the homes and 
industries by gravity flow. 


VILLAGE AND RURAL WATER SYS- 
TEMS - The illustrations on this page and 
page 59 show respectively! a village water 
system and water systems for country homes. 


Checking What You Know 


PRE-TEST OR POST-TEST - The items in 
the first group below are chiefly of the 
Completion type. See the explanation on 
page 30. (Do not write in this book.) 

Pages 48-49. 1. Water exists in the 
air, in the bodies of living things, and in the 


2. Water is composed of two parts of 
coh o= and Ole part Of ofa, 


3. When water vapor is cooled, it 
euqporales. 


4. The state of water that cannot be 
seen is the ~? state. 


5. Clouds are composed of water in the 
EAER 


Pages 50-52. 6. The three main sources 
from which water supplies are obtained are 


P0 cde cards ky 


7. Water from the Mississippi River is 


‘Respectively (rē sptk’tly Ii): in the order in which 
two or more items of a series have just been men- 
tioned, 
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A village water system. "What evidence do you see in this illustration that water 


seeks its own level? 


likely to be purer than water from a stream 
in the Catskill Mountains. 

8. After a rain the water table (1) 
falls; (2) remains the same; (3) disappears; 
(4) rises; (5) becomes level. 

Pages 53-57. 9. The water that we 
drink is usually wholesome, but it is seldom 
chemically pure. 

10. Three substances that drinking water 
may contain, and still be wholesome to 
drink, are -9--, --?=-, and PES 

11. Clear water is always safe to drink. 

12. The most dangerous impurities in 
drinking water are --?_-. 

13. The water supplies of farms and vil- 
lages should be tested for purity daily. 

14. Impounding water supplies and ap- 
plying the processes of coagulation and fil- 
tration remove nearly all the ..?.. and 
disease 2-2. 

15. Aeration, chlorination, and treating 
the water supply with ultra-violet rays are 
ways of killing --?--. 


16. Boiling the water for drinking, wash- 
ing dishes, and the like is a sure way of re- 
moving disease germs. 

17. A substance that is used to remove 
unpleasant smells and tastes from water is 
(1) alum; (2) blue vitriol; (3) ammonia; 
(4) chlorine; (5) coke. 

Pages 57-58. 18. A gravity flow is pos- 
sible only from a source of water supply 
that is below the home or community 
served. 

19. Water supplies from sources below 
the community to be served are raised by 


means of ..?... 


SCIENTIFIC PRINCIPLES - 1. Matter 
exists in three states, namely, solid, liquid, 
and gaseous. 

2.?In general whenever a vapor be- 
comes cool enough, it condenses into a 
liquid. 

3. "Most of the harmful substances in 
water are invisible. 
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4. PLiquids always flow from higher to 
lower levels because of the force of gravity. 


5. "Water seeks its own level; that is, 
the water surface in all parts of a containing 
vessel is at the same level. 


SCIENTIFIC TERMS 


falga *condensation *gravity 

*bacteria *distillation *protozoan 

*chemical [filter Tsaturate 
*gaseous 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
1. One day, while on a hike, Bob and Bill 
stopped at a farm-house and asked whether 
the water from a pump in the yard was 
safe to drink. 

“Why wouldn't it be?" answered the 
owner, sourly. “The family has been drink- 
ing it for years, and nobody's ever been sick 
from it. Help yourself." 

“Thank you,” said Bill, starting toward 
the pump as the farmer turned back into 
the house. , 

“Wait,” said Bob. “Maybe we'd better 
not drink the water, even though nobody's 
been made sick by it. I wonder. when they 
had the water tested last.” 

"You're right," said Bill. “I guess we 
can last another mile. "There's a well there 
with a sign put up by the State Department 
of Health that says, ‘This Water Is Safe.’ 
We don't need to be afraid of that water.” 

Which of the scientific attitudes, p. 535, 
are illustrated in this story? 

2. Can you invent an experiment to find 
out whether there is moisture in sand that 
seems to be completely dry? 


CONSUMER SCIENCE : 1. It is claimed 
that chloride of lime tablets, iodine tablets, 
and certain laundry bleaches will, if properly 
used, make water safe to drink. Suggest 
that your class select a member to find out 
from your city or county board of health 
whether these substances can be used safely 
for purifying water and, if so, how they 
must be used to ensure safety. Your class 


representative should make a report of his 
findings in your general-science class or 
your science club. 

2. What dangers may result, especially in 
areas near the ocean, if the water table is 
greatly lowered? 


APPLYING YOUR KNOWLEDGE OF 
SCIENCE - 1. Why is it dangerous to swim 
in contaminated water? 

2. Can you think of a reason for having 
the first illustration in this unit an ocean 
scene (p. 47)? 

3. In cities that obtain their water from 
the Great Lakes the intakes are built a mile 
or more off-shore. Can you explain why? 

4. Why is spring water often safer to 
drink than that from streams? 

5. What are some impurities in water 
that boiling will not remove? 

6. It is sometimes stated that "running 
water does not become purer, but standing 
water does.” Can you think of exceptions 
to both parts of this statement? 

7. If you have ever operated a lift pump, 
you may have found that you could raise 
no water without first priming the pump. 
Priming the pump consists in pouring water 
into it through the opening in the top, while 
working the pump handle. Can you ex- 
plain why priming will cause the pump to 
raise water? 


TOPIC FOR INDIVIDUAL STUDY - How 
are the offices on the upper floors of some 
sky-scrapers, such as the Empire State Build- 
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ång, supplied with water? Consult a text- 
book of physics. 


EXPERIMENTS - 1. What substance is 
formed when hydrogen burns? First, obtain 
a supply of hydrogen by the following 
xmethod: Fit a thistle tube and a length of 
bent glass tubing into a two-hole rubber 
stopper, as in the illustration on this page. 
[ Caution: See the second caution in the di- 
rections for preparing oxygen on page 34.] 
Insert the stopper snugly in the neck of a 
f ask in the bottom of which you have placed 
about 2 tablespoonfuls of zinc (Zn) chips. 
Be sure that the end of the thistle tube is just 
2 bove the bottom of the flask. To the bent 
glass tube attach a 1-foot length of rubber 
tubing for a delivery tube. In the other end 
of the delivery tube insert a 6-inch length of 
lass tubing for a nozzle. Dilute? some hy- 
cirochloric? acid (HCI) by adding one part 
cf concentrated hydrochloric acid to nine 
Parts of water (H2O). [Caution: Before you 
Pour any acid into the flask, wrap a heavy 
camp cloth completely around it. If you 
should spill any of the acid on your flesh or 
sour clothing, wash quickly with cold water.] 
Pour through the thistle tube enough of the 
clilute hydrochloric acid to cover the zinc 
Zand also the lower end of the thistle tube. 
An effervescent’ action begins at once. 
"Ihe bubbles are hydrogen. A chemist 
"would express this chemical reaction, or 
Process, thus: Zn -2 HCl —- ZnCl: + He ^j 
Allow the action to continue for about two 
rxinutes in order to sweep the air out of 
the flask and tubes. 

Thrust the nozzle of the delivery tube as 
far as you can into an inverted test tube. 
"The hydrogen will soon crowd out the air 
and fill the test tube. Remove the delivery 


Page 8, col. 2. 

2Dilute (dilüt/): to make a substance chemically 
weaker, usually by adding water. 

$ Hydrochloric (hi dro klo’rik). 

4Effervescent (ef čr vés'ént): bubbling, foaming, and 
hissing, like “pop,” or “tonic,” 


A simple hydrogen-generator. Why were you 
cautioned to wrap a cloth around the flask? 


tube and put its end at least a foot away from 
the test tube. Keeping the test tube in- 
verted, hold a lighted match at its opened 
end. What happens? Examine the inside 
surfaces of the test tube. Answer the ques- 
tion at the beginning of the experiment. 


COMMUNITY APPLICATIONS OF SCI- 
ENCE - 1. Studying your local water 
supply. Suggest that a committee of three, 
elected by your class, arrange a class visit to 
both the source of your water supply and 
the waterworks. Find out the ways in which 
the water in your community is collected 
and purified. 

2. Finding out how much your family 
pays for water. If your family buys water 
from a city water department, there will 
probably be on the back of a water bill an 
explanation of how the water bills are 
figured. Using the meter readings on the 
face of the bill and the explanation on the 
back, check the bill. 
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WATER AND SANITATION 


1. How Is Water 


A WATER FAMINE - Some years ago, dur- 
ing a long dry spell, the little stream from 
which a small Midwestern town got its 
water supply dried up. Water for the people 
and their domestic animals to drink, and 
for cooking and other strictly necessary uses, 
had to be brought in cans many miles by 
truck. Almost no water could be spared for 
scrubbing floors, taking baths, or even wash- 
ing dishes or clothes. A number of people 
became ill from eating vegetables that could 
not be thoroughly washed and cleaned. 
Nobody had realized before their water 
famine how many times a day, and for how 
many different purposes, they needed water. 


WATER, THE BEST CLEANSING AGENT - 
*Water is effective as a cleansing agent for 
two reasons: itis both the best of all wetting 
agents and the most effective solvent. A 
wetting agent is a liquid that covers with a 
film the surfaces that it touches. When 
soiled clothing is dipped into water, the 
water immediately wets the particles of dirt, 
as well as all the fibers of the cloth itself. 
Thus it loosens the dirt enough so that most 
of it can easily be washed away. 

*Water will dissolve more different sub- 
stances than will any other substance. 'There- 
fore water is called “the universal solvent.” 


HOW SOAP CLEANSES - Water alone is 
not effective for washing greasy or oily 


IPage 57, ftnt. 2. 


Used for Cleaning? 


dishes, clothing, or other articles. But, to 
a considerable extent, soap and water are. 
Exactly how soap removes grease is not yet 
known, It is known, however, that soap 
causes the grease to form minute drops 
that are easily washed away (illustration, 


p. 63). 


HARD WATER - As water seeps through 
soil and runs over rocks, it dissolves small 
quantities of the minerals that compose 
them. Water that contains some of these 
minerals, namely, certain compounds? of 
calcium? and of magnesium,’ is known as 
hard water. 

Hard water is wholesome to drink. But it 
is undesirable for cleaning purposes for the 
reason that it wastes soap. Before the soap 
can act on dirt and grease, some of it must 
be used in softening the water. It brings 
about the softening by combining chemi- 
cally with the calcium and magnesium com- 
pounds to form other solid compounds. 
These make an annoying scum on the sur- 
face of the water. The “bath-tub ring” is 
part of this scum. For household uses, there- 
fore, hard water must be softened. 


“Compound (kóm'pound): a substance that is com- 
posed of two or more different substances chemically 
combined. For example, one of these calcium com- 
pounds is calcium sulfate and is composed of calcium 
(Ca), oxygen (O), and sulfur (S). Its chemical for- 
mula is CaSO,. 

*Calcium and magnesium (mag ne'sht tim) are silver- 
like metals. See page 28, ftnt. 1. 
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Soaps are made by boiling fats or oils with lye and small quantities of other sub- 

These substances include borax, naphtha, scouring materials, perfumes, 

and coloring matter. Project: Make, for the bulletin board, one or more draw- 
ings in the style of these to illustrate other uses of soap 


stances. 


Temporarily hard water. Some calcium 
and magnesium compounds make water 
“temporarily hard.” Temporary! hardness 
can be removed either by adding washing 
soda to the water or by boiling it. Boiling 
temporarily hard water changes the dis- 
solved compounds that make it hard into 
others that are not soluble in water. Hence 
they remain in the water as minute solid 
particles that settle. The water is then fit 
for household uses. 


1Temporary (tém'po rér Y): lasting for a short time 
only. 


Permanently hard water. Boiling per- 
manently hard water does not make it fit 
for use. Instead it causes a hard, white coat- 
ing, or scale, to be deposited on all the in- 
side surfaces of the container (illustration, 
p. 64). The thicker this coating becomes, 
the more slowly the water heats. Conse- 
quently hard-water scale causes a great 
waste of fuel. For example, a coating of 
hard-water scale 35s inch thick in the boiler 
tubes of a steam locomotive may reduce the 
engine's efficiency 50 per cent. 

Permanently hard water can only be 
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softened chemically. This softening is done 
by adding certain substances that will 
change the calcium and magnesium com- 


A, diagram of a household water-softener; B, 
deposits of compounds from heated hard water 
in a boiler tube and in water-heater tubes. 
Community Application of Science: If you 
live in a region where the water is hard, sug- 
gest that your class elect a committee to find 
out from plumbers how serious are the effects 
of the deposits of boiler scale upon the water- 
heaters in homes of your community 
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pounds to others that are in the form of solid 
particles. These settle, leaving the water 
soft. 

Softening hard water in small quan- 
tities. For household use. Water is com- 
monly softened for dish-washing, launder- 
ing, and other cleansing purposes by adding 
either water-softening compounds or “‘deter- 
gents.” The softening compounds take the 
place of the part of the soap that would 
otherwise be used in softening the water. 

Detergents serve both as water-softeners 
and as cleansers. They are more effective 
in removing grease than is soap when the 
water is hard. 

Two of the commonest water-softening 
compounds are washing soda and borax. 
Every washing powder is likely to contain 
one or both. Either one causes the com- 
pounds of calcium or magnesium in hard 
water to form small, solid flakes. These 
settle to the bottom of the water. The soap 
is then able to attack the grease and dirt. 

Detergents remove oil from the skin and 
hair. Thus they tend to cause the skin to 
become chapped and the hair to break off 
at the ends. Therefore they should not be 
added to bath water or water intended for 
use in washing the hair. Many people find 
it desirable to wear rubber or plastic gloves 
while washing dishes in water containing 
detergents. 

For an entire water supply. Many cities 
have available only hard water. Usually, 
in such cities, the water is at least partly 
softened by the addition of softening com- 
pounds before it is allowed to enter the 
mains. In other cities and in numerous 

'Detergent (dé tür'jÉnt): any cleansing agent. De- 
tergent is now commonly used as a trade term that is 
applied to a considerable number of chemical cleans- 
ing agents. Soap and water, however, are as truly 


detergents as the patented compounds that are so 
called. 
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Laundering in the not-so-go 


od old days and now. Topic for Individual Study: 


Find out how one or more modern types of washing machines operate 


© ural areas, hard water is piped directly into 
the houses. In many of the houses “water- 
SOfteners” are installed that chemically 
SOften all the water used (illustration, 


P- 64). 


USING WATER IN LABOR-SAVING DE- 
‘VICES . Many homes now have washing 
XMachines that are operated by electric or 
asoline motors. A washing machine is 
Sq uipped with a tub, in which there are 
*xictor.driven paddles, or “agitators.” Hot 
Water is put into the tub. Either soap or a 

© tergent is added, and also a softening com- 
Pound if the water is hard. The clothing to 
© washed is then put into the tub, and the 


motor is turned on. The paddles force 
through the clothing swift currents of water, 
which quickly remove the dirt particles and 
dissolve grease and most stains (illustration 
above). 

Many washing machines are provided 
with wringers for partly drying the clothes. 
Such a wringer consists of two rollers that 
are made to turn in opposite directions. 
'They squeeze most of the water out of each 
garment as it passes between them. Ma- 
chines without wringers are designed to re- 
move most of the water from the garments 
by whirling them rapidly. 

Some modern washing machines operate 
automatically. The clothing is placed in the 
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machine with the hot water and the cleans- 
ing agents. The machine then washes, 
rinses,’ and partly dries the garments with- 
out further attention. Special clothes-driers 
that complete the process can now be bought. 

Automatic dish-washers for home use that 
both wash and dry dishes are now available.” 
These save time and labor, just as washing 
machines do. Also, they make the dishes 
more nearly sterile than dishes washed and 
dried by hand. 


DRY CLEANING - Spots made on gar- 
ments by food can often be removed by 
rubbing them with a little soap or detergent 
on a damp cloth. Many kinds of stains, how- 
ever, cannot be removed by such measures. 
Furthermore, soaps and detergents injure 
certain kinds of cloth. Therefore chemical 
cleaners are commonly used instead. Ben- 
zene, carbon tetrachloride,? and naphtha 
are generally the most effective of these 
chemical cleaners. 

“Dry cleaning cannot be done in the 
home without some danger, for two reasons: 
Cleaning fluids are more or less poisonous 
to breathe, and nearly all are explosive. 

*Cleaning fluids give off vapors that form 
poisonous substances in the body. These 


2. How Is Water Used 


SANITATION, THEN AND NOW - How 
good do you think the sanitation was in even 
great cities a few centuries ago? If you 
could walk through such a city, you would 
have a shocking experience. Everywhere 
you would encounter filth* and foul odors. 


'Rinse (rins): to remove soap by washing vigorously 
in clear water. 

"Available (à val'à bl): ready at hand. 

*Tetrachloride (tt ra klo'rid). 

‘Filth: something foul that causes disgust. 


poisons are usually produced in such small 
quantities that they have no immediate 
effects. But the body never entirely gets rid 
of them.> Consequently, in time, if enough 
fumes of cleaning fluids are breathed, in- 
jury and even death can result. 

*Gasoline, benzene, and some other 
chemical cleaners are highly inflammable.’ 
They have been known to explode in a 
room on the first floor, where the cleaning 
was being done, when their vapors were 
carried by air currents into the basement 
and through the draft of a furnace there. 
The vapors caught fire in the furnace, and 
the flame followed the vapors back to the 
cleaning fluid. 

Cleaning fluids must be used with caution 
for a further reason, besides those of the 
dangers involved in their use. Some of them 
dissolve cloth such as rayon, nylon, and 
acetate." 

For these three reasons it is prudent to 
send to a commercial cleaning establishment 
clothing that needs to be dry-cleaned. 
There both the garments and the persons 
who do the cleaning are safe-guarded.? Fur- 
thermore, professional cleaners are highly 
skillful in their work and have the best facili- 
ties for doing it successfully.? 


in Disposing of Wastes? 


You would be amazed to see people throw- 
ing garbage and other refuse! out of their 


5Such poisons are known as cumulative poisons. 

S*Inflammable (fn flám'à bl): combustible; capable 
of catching fire easily. 

T Acetate (As'e tat). 

SSafe-guard (saf'gárd): to provide with safe-guards, 
that is, with means of protection or with protective 
measures. 

Page 71, col. 1, No. 1. 

Refuse (véf'üs): waste materials; rubbish. Do not 
confuse this word with refuse (rē faz’), which is spelled 
in the same way. 
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In the not-so-good old days and now. Can you explain how this scene suggests the 
common saying “Science marches on"? 


<1cors and windows onto the sidewalks and 
Streets (illustration above). You would 
Pick your way along with increasing disgust 
and horror. You would be glad to escape 
Back into the present. 

Even today, and even in the United 
States and Canada, good sanitation is not 
Yet general. For the most part, it is better 
ixi our cities than in our rural sections. But 
*rerywhere it can be improved. We can 
all do much toward making more healthful 
the conditions in and about our homes. 


DISPOSAL OF SEWAGE IN RURAL 
ELOMES . “In a rural home that is supplied 
With running water, the sewage can be dis- 
Posed of in a complete and sanitary way by 
TPreans of a septic tank. A septic tank is 
Usually made of concrete, but a cast-iron 


one can be bought ready-made. Such a de- 
vice has two or more compartments.’ These 
are arranged so that the sewage will remain 
in them for a considerable time (illustration, 
p. 68). 

*Upon entering the tank, the sewage is 
fed upon -chiefly by bacteria, but also by 
other minute organisms. These slowly 
change the solid material to liquid and also 
kill the disease germs in it. Finally the liquid 
is made almost or completely harmless. 
Then it overflows into pipes of porous tile. 
From these it escapes and seeps into the 
ground. Any particles and germs that re- 
main are eaten by bacteria in the soil. 


1Compartment (köm part'mént): a separate division 
or unit of enclosed space. 

?*Organism (Ór'gán izm): any living thing, either a 
plant or an animal. 
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A septic tank installed. Topic for Individual Study: Send to your state or pro- 
vincial department of health for materials on septic tanks. A valuable program for 
your science club can be built around these materials 


*No lye, hydrochloric! acid, or other dis- 
infectant* should be put into the plumbing 
that leads into a septic tank. The disinfec- 
tant would kill the bacteria that destroy the 
sewage in the tank. Thus the septic tank 
would be rendered unable to, fulfill its 
purpose. 

*A country home in which running water 
is not available should be equipped with an 


'Page 61, col. 1. 
?Page 54, ftnt. 6. 


inside chemical toilet. The wastes are re- 
ceived in a metal pail containing chemicals 
that render them harmless. The contents 
of the pail are emptied into a hole that i$ 
dug 3 or 4 feet deep in the ground, and are 
then covered with a layer of earth. This 
hole should be located at least 100 feet from 
any well or other source of water supply. 
Also, it should be dug in soil that slopes 
away from such a source.? 

*Page 51, il. 
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--"There is no such thing as an outdoor 
toilet that is completely safe and sanitary. 
Ax ways it presents a real danger of spreading 
diseases. But this danger can be greatly re- 
duced by simple means. 

An outdoor toilet must be kept clean by 
scrubbing it now and then with boiling 
water and soap. The pit must be made 
*- £1 y-tight" and kept so. No garbage, ashes, 
ox disinfectant or other chemicals should be 
put into the pit. They would tend to delay 
the decay of the contents. If water should 
drain from the ground into the pit, mos- 
cq uitoes may breed in the water. They can 
be prevented from doing so by pouring over 
the surface one pint of kerosene weekly. 
When a new pit is dug, the old one should be 
covered with a layer of earth at least a foot 
and a half deep. Certain bacteria that live 
ixi the soil will then slowly consume the con- 
tents and render them harmless. 


DISPOSAL OF WASTES IN CITIES 
Sewage. For centuries large cities have 
been removing the wastes from homes, ho- 
tels, and public buildings through sewers. 
F ©rmerly these sewers emptied directly into 
Streams or into the ocean. It was discovered, 
Thowever, that epidemics! of typhoid and 
ther dangerous germ diseases were fre- 
Quent and certain results. of this practice. 
Consequently an increasing number of cit- 
-es and smaller communities are now em- 
Ploying other methods of sewage disposal. 
"Modern methods of sewage disposal in- 
«:liade both the use of large septic tanks with 
X*xiany chambers and the conversion, Or 
Hanging, of the sewage into fertilizers. 
These septic tanks operate in the same 
Way as the smaller ones used for individual 
«mes. The bacteria reduce much of the 
= Epidemic (pt dém'ik): a rapid and extensive 
Pread of a disease. 


sewage to a harmless liquid. This is then 
drained into large streams or into the 
ground. All the solid materials that remain 
are put into tanks, where bacteria complete 
their destruction. 

Milwaukee was the first large city to con- 
vert its sewage into fertilizer. The income 
from the sale of the fertilizer has paid the 
entire cost of the processing. Moreover, if 
the sewage were not thus made useful, it 
would have to be disposed of at considerable 
expense. 

The water that can be reclaimed? by 
sewage-disposal plants is harmless. It can 
be used for industrial purposes and for irri- 
gation. Moreover, some of the gases gen- 
erated by sewage can be collected and used 
as fuel in some sewage-treatment plants. 

Industrial wastes. It is still a fairly 
common practice to flush chemical wastes 
and other wastes from factories and indus- 
tries into streams or into the ocean. One 
river is estimated to have carried away al- 
ready more than 40,000,000 tons of wastes 
from coal mines. Often the wastes from in- 
dustries destroy fish and water plants. 

Garbage. Some cities dump their gar- 
bage and rubbish into nearby bodies of 
water. Perhaps you have seen river-banks 
or ocean beaches littered with such refuse 
that had washed ashore. The annoyance re- 
sulting from. such conditions has caused 
many cities to establish dumps for rubbish 
disposal and to build garbage-disposal 
plants. Whatever is worth saving in the 
rubbish is saved. The rest is destroyed. 
Much of the garbage is converted into ferti- 
lizers, soaps, and other useful products (illus- 
tration, p. 70). The rest is destroyed, usu- 
ally by being burned. 

Within recent years garbage-disposal units 

?Reclaim (rē klàm"): to obtain, or recover, from a 
waste product. 
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Towing garbage to a New York City disposal plant. A fire-boat is extinguishing a 
fire on one scow, separated from the rest. Community Application of Science: 
Suggest that a committee be elected from your class to find out how the garbage is 
disposed of in your town or city and to report its findings to the class 


a S - 


have been installed in the kitchen sinks in 
many homes. With these units the garbage 
is ground fine and is then flushed down the 
drain. There are obvious advantages to 


this method. But the total quantities of 
water that it requires, if widely used, may 
present a problem with respect to the avail- 
able water supplies. 


Checking What You Know 


PRE-TEST OR POST-TEST - You should 
review from time to time the explanations 
of these types of tests on page 30. (Do not 
write in this book.) 

Pages 62-66. 1. The best of all wetting 
agents is __?__. 

2. More different substances can be dis- 
solved in water than in any other substance. 

3. Water from some sources that contain 


certain dissolved compounds of calcium and 
magnesium (1) is not safe to drink; (2) is 
economical of soap and detergents; (3) is 
economical of the fuel needed for heating 
the water; (4) deposits a white coating on 
the inside surfaces of cooking utensils; 
(5) is best for use in engine boilers. 


4. Permanently hard water can be softened 
by boiling. 
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5. The household water supply can be 
7720€ economically softened with soap than 
ith commercial detergents. 

6. One of the following is not a water- 
softener. Which one? (1) Soap; (2) salt; 
(3) borax; (4) washing soda; (5) chemical 
detergent. 

7. After dishes have been washed and 
cir ied in an automatic dish-washer, they 
have more living disease germs on them 
than if they had been washed and dried by 
hand. 

8. Which of the following cleansing agents 
cannot explode or burn? (1) Carbon tetra- 
chloride; (2) benzene; (3) naphtha; (4) 
gasoline; (5) soap; (6) detergents; (7) 
water. 

9, Which of the cleansing agents in the 
preceding list are poisonous to breathe? 


Pages 66-70. 10. The most desirable 
means of disposing of sewage in rural areas 
is (1) a septic tank; (2) an outdoor toilet; 
(3) a chemical toilet; (4) a sewage-disposal 
plant; (5) a fertilizer plant. 

11. In a septic tank, disease germs are 
eaten by microscopic plants, chiefly ..?... 

12. In city disposal plants fertilizers are 
manufactured from garbage and fertilizers 
and soaps are made from sewage. 


SCIENTIFIC PRINCIPLE : "In nature water 
is never chemically pure, but contains some 
dissolved substances, as well as other, un- 
dissolved substances. 


SCIENTIFIC 'TERMS 


*solution 
{solvent 


*compound 
*inflammable 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
1. In dry-cleaning establishments there are 
=< spotters,” who are expert in removing 
Stains. If the spotter knows what produced 
a stain, he is likely to know what cleaning 
fluid will remove it. But he must make sure 
that the “cleaner” will not injure the cloth. 
His problem is even more difficult if he 
<loes not know what produced the stain. 
X ni either case he must experiment. This he 
Cloes by removing several threads from a 
Seam on the inside of the stained garment. 
Ke then soaks one thread in each of the 
Cleaners that he thinks likely to bring the 
«lcsired result. Then, in turn, he applies 
those that have not injured the cloth to a 
Small portion of the stain until he finds one 
that will remove the stain. Which of the 
Scientific attitudes and which of the ele- 
Xasents of scientific method are illustrated 
By this process? 


2. Can you invent an experiment to 
determine which will clean clothes better 
when used in a washing machine, a soap 
or a detergent? 

3. What have you observed at home or 
elsewhere that leads you to infer! that your 
water supply is or is not hard? 


CONSUMER SCIENCE : 1. What kinds of 
cleaning fluids do you use at home? Make 
a list of the safety rules that you should 
follow in using them. 

2. Why should spots and stains be re- 
moved from garments as soon as they occur? 

3. Why is less soap needed if clothing is 
washed in a washing machine than if it is 
washed by hand? 

4. Touch your tongue to a cake of soap. 
If the soap has a strong, bitter taste, it con- 
tains uncombined lye. This statement 

page 16, ftnt. 1; also, see the Glossary. 
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means that more lye was used in making 
the soap than could combine with the fat. 
Such soap is harmful to the skin and also 
to clothing. Why are these facts important 
for you to know? Find out whether laundry 
soaps or toilet soaps contain the greater 
amounts of uncombined lye. 


APPLYING YOUR KNOWLEDGE OF 
SCIENCE - 1. Why should stains on cloth 
or other material be rinsed first with cold 
water rather than with hot water? 

2. The scum that usually forms on dish- 
water is composed chiefly of tiny drops of 
grease. Can you explain why adding more 
soap usually removes the scum? 

3. Can you explain why the pipe leading 
from a wash-bowl or a sink is always curved 


to form a trap that is full of water (illus- 
tration, p. 68)? 


B 

A highly dangerous way (4) and a safe way (B) of removing a spot from clothing. 
Explain. Carbon tetrachloride is not inflammable, but all the danger would not 

be removed in A even if carbon tetrachloride were used instead of gasoline. Explain 


4. Why is softened water used in the 
boiler tubes of steam locomotives and in the 
cooling systems of diesel locomotives? 

5. Why should only soap be used, and 
that only in small amounts, in the water for 
a baby's bath? 

6. Why should not grease from the 
kitchen be flushed into a septic tank (illus- 
tration, p. 68)? 

7. Why should septic tanks be built so 
that they are lower than the house? 

8. On page 69 the following sentence 
appears: "Whatever is worth saving in 
the rubbish is saved." What materials 
do you think may be saved from rubbish? 


EXPERIMENTS - 1. How do the sources 
of water in your community differ in hard- 
ness? Obtain five or six samples of water 
from sources such as streams, springs, wells, 
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ard your local water system. Secure a 
ga umber of clean bottles, all of the same size. 
Fill each to a depth of about 2 inches with 
one of the samples. Into another bottle 
pour an equal amount of distilled water. 
Be sure that all bottles contain the same 
armounts of water. 

Prepare a soap solution by dissolving in a 
quart of water a piece of soap about the 
size of your thumb. With a medicine- 
<Ar opper put ten drops of this solution into 
the bottle of distilled water. Cork the 
bottle, shake it vigorously, and place it on 
its side. Let it stand for about a minute. 
CO bscrve the layer of suds on the surface of 
the water. Then add more soap solution, 
Cxae drop at a time, and repeat the process 
as already described until the layer of suds 
On the surface of the water remains un- 
broken for a minute. How many drops of 
soap solution are needed to produce an 
vxxibroken layer of suds? 

Repeat these operations with each of the 
Samples. How many drops of soap solution 
are used with each of the samples? The 
relative hardness of the different samples 
vill be indicated by the number of drops 
Cf soap solution that had to be added in 
©xder to obtain an unbroken layer of suds. 
X List the samples from the various sources of 
water in order, from hardest to softest. 

How does the bottle of distilled water 
illustrate the use of a control?! 

2. Do chemical water-softeners increase 
Ox reduce the amount of soap needed for 
xxaaking suds? Repeat the previous experi- 
xxient; but before adding the soap solution, 
Clissolve a few crystals of a water-softener, 
Such as borax or washing soda, in each of 
the water samples. What inferences can 
You draw from this experiment? 

3. In many localities people catch the 
Xain water that falls on the roofs of their 

ouses, and store it in cisterns, or under- 


1Page 534. 


ground tanks, for future household use. 
How many reasons can you think of to ex- 
plain why people do this? Why is this prac- 
tice not followed all over the country? “Cis- 
tern water" is not commonly used for drink- 
ing and cooking purposes, even in places 
where it is used for all other purposes. Can 
you think of one or more reasons why? 


COMMUNITY APPLICATIONS OF SCI- 
ENCE - 1. Learning about sewage dis- 
posal. Suggest that a committee of three be 
elected from your class to secure from your 
local board of health information about the 
sewage disposal in your city. Suggest that 
the committee prepare a report of what you 
have learned, to be given in your science 
class or science club. 

2. Learning how commercial laundries 
wash clothing effectively. Suggest that 
your science class elect a representative to 
visit a local laundry in order to learn what 
procedures are used in sorting, washing, and 
ironing various items of laundry. Suggest 
that this representative prepare a five- 
minute report to be made before the class. 

3. Studying the ways in which clothing 
is dry-cleaned. Suggest that your science 
class elect a representative to visit your 
local dry-cleaning establishment to learn 
how spots and stains are removed from 
clothing and how garments are dry-cleaned. 
Suggest that this representative prepare a 
five-minute report to be made before your 
science class or science club. 

4, Studying automatic washing ma- 
chines. Secure from your local dealers in 
electric appliances advertising booklets de- 
scribing various automatic washing ma- 
chines and how they operate. Prepare a 
picture display of the various types of such 
machines for the bulletin board of your 
science room. A discussion of the advan- 
tages of each type would serve as a good 
program number for your science club. 
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FURTHER USES OF WATER 


1. What Are Some Important Uses of Steam? 


ENERGY FROM STEAM - Have you read 
Mark Twain’s Huckleberry Finn, The Adven- 
tures of Tom Sawyer, or Life on the Mississippi? 
If so, you know about the romantic days 
when the stately packets (steam-boats) held 
their exciting races on the great river (illus- 
tration, p. 75). During these races the 
boilers were continuously stoked to the 
limit, in order to get from them all the 
steam possible for running the engines. 
Dangerously high steam pressures were built 
up by such over-firing. Consequently, dur- 
ing every race, the passengers and crew of 
each boat shared the constant fear that the 
boiler would blow up. In a few instances it 
did. In every such case the explosion more 
or less completely destroyed the boat. 

*By the time that a quart of water has 
completely boiled away, it has changed into 
more than 1700 quarts of steam.! Therefore, 
as the steam forms, its pressure increases 
rapidly and greatly. The pressure of the 
steam provides a large amount of energy. 

*Energy is the capacity to do work. In 
order to do work in the scientific sense, a 
body must itself move, or it must make some- 
thing else move, Anything has energy if it 
can do work or is doing work. The energy 
of steam pressure is used to operate turbines? 
and other engines, to turn electric genera- 
tors, and to move locomotives, These uses 
of the energy of “live” steam will be ex- 
plained later, 

1Pages 37, col. 2, and 38, col. 1. ? Turbine (tûr’bïn). 


The coffee-maker. Perhaps you use at 
home a coffee-maker similar to the one shown 
on page 76. If not, you have no doubt seen 
such devices in operation in restaurants. 

The coffee-maker consists of two vessels, 
The upper one (4) fits tightly into the 
lower one (B) (illustration, p. 76). As the 
water in B boils, the pressure of the steam 
that forms becomes great enough to force 
the water up through the ground coffee. 
When the level of the water in B is below 
the bottom of the stem and when the water 
has boiled long enough in A, the coffee- 
maker is removed from the burner. After 
B has cooled sufficiently, the steam in it 
condenses. As it does so, the pressure in B 
is reduced. Consequently the weight of the 
liquid in A, together with pressure on the 
liquid in A, forces it down into B. 

Many electric coffee-makers are auto- 
matic. In them the current is shut off when 
the coffee is made. Later it is turned on or 
off whenever necessary to keep the coffee at 
the right temperature. 

The steam iron. A small chamber in- 
side the steam iron holds about a half pint 
(1 cup) of water. When the electric current 
is turned on, the water is heated to the boil- 
ing point. The steam escapes through small 
holes in the bottom of the iron near its 
point. As the iron is moved over a garment, 
the steam dampens and softens the material. 
The back part of the iron dries and presses 
the cloth. 
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Painting by Dean Cornwell, Campus Martius Museum 


A distinguished artist's representation of a famous race in 1870 between the Robert 
E. Lee and the Natchez. The race was won in four and one half days by the Robert 
E. Lee. What evidences of energy do you see in this illustration? 


The steam iron has some important ad- 
"7zantages over older kinds of flat-irons. It 
txa akes unnecessary the use of a damp cloth 
between the garments and the iron while 
the pressing is being done. Furthermore, in 
Se€neral laundry use, it eliminates! the need 
fcr sprinkling any pieces except table cloths 
©r other heavy articles. 

Steam for sanitation. "Steam is used 
©xtensively in dairies and other food-manu- 


facturing or food-distributing plants to keep 
them sanitary. Steam from hoses is forced 
under great pressure against the surfaces to 
be cleaned. The high temperature of the 
steam melts greases and fats quickly, and the 
pressure removes them along with food par- 
ticles. The temperature is high enough to 
kill disease germs and the micro-organisms? 
that cause foods to spoil. Such micro- 
organisms are chiefly bacteria and molds. 


2. What Are Some Important Aspects and Effects of Water 


Pressure? 


DOWN IN THE DEEP - The ocean has not 
Yet been extensively explored farther below 
lts surface than a few hundred feet. But 

mnowledge about its depth is rapidly in- 
*—reasing. It is known that in at least one 


!Eliminate (ë lWm't nat): to get rid of; to exclude. 


spot the sca is more than 6$ miles deep. No 
green plants exist farther down than about 
300 feet. They cannot live at greater depths, 


? Micro-organism (mi kré ór'gán izm): an organism 
(a plant or an animal) too small to be seen except 
with a microscope. 
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Atmospheric 
pressure 


Glass filter 


Atmospheric 
Pressure plus 
steam pressure 


Atmospheric 
pressure 


Partial vacuum due 
to condensing steam 


Using the energy of steam pressure and air 
pressure in making coffee, Why must the seal 
remain air-tight during the entire process? 


because not enough sunshine penetrates so 
far as that. The water is totally dark at 
about 1000 feet. Fish and other animals live 
at great depths, but they are not like those 
with which we are familiar. They are fan- 
tastic creatures, many of which give off light 
of their own. 


WATER PRESSURE AND OCEAN EXPLO- 
RATION - In 1934 Beebe! explored the ocean 


William Beebe (b&'b&): American scientist; born, 
7T. 
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off the coast of Bermuda to a depth of more 
than 3000 feet. Becbe made his observa- 
tions from inside a steel ball.? Nothing less 
strong could withstand the enormous pres- 
sure of the water even half a mile down. 
Through the windows of the ball, Beebe 
studied the under-water coast lines and sea 
life. Thus he discovered several kinds of fish 
and other animals that had not been known 
before. 

In 1949 the University of Southern Cali- 
fornia began an investigation of the ocean 
depths off the coast near Los Angcles. In 
August of that year a scientist descended 
nearly a mile in an improved type of steel 
ball. Further explorations are now being 
made by means of a steel ball? similar to the 
one previously used, but somewhat smaller 
(illustration, p. 77). It is big enough for a 
man to lie “curled up" inside it. But there 
is no reason why anybody should observe 
the ocean depths from within it. Cameras 
and other instruments, filling the space that 
a man would occupy, can make more satis- 
factory records than a man could. 

With this ball, temperatures, pressures, 
and other conditions that exist at depths as 
great as 2 miles or more can be recorded. 
Also, special studies can be made of the fish 
and other marine, or ocean, animals. This 
ball can be equipped with motion-picture or 
television apparatus that makes possible the 
close-up study of such creatures. With it, 
investigations will be made of “the sea's 
phantom bottom." This is a mysterious, 
shifting layer that is known to exist from 
about 1000 to nearly 3000 feet down. 
Scientists believe that this layer may be com- 
posed of small fish and other organisms. 
It has recently been found that some sea 


*Called a bathysphere (b&th'Y sfér). It is now in the 
Smithsonian Institution at Washington, D. C. 
*Called a benthograph (bén'tho gráf). 


animals and plants live even under the con- 
<i tions of darkness, cold, and pressure that 
<= ist more than 6 miles down. 


WATER PRESSURE AND DEPTH : If you 
like to dive or to swim under water, you are 
familiar with the pressure of the water 
against your body. You may have felt pain 
ixi your ear-drums from the water pressure 
v hen you were at the bottom of a deep dive. 

All these facts and experiences suggest the 
need for finding exactly how water pres- 
sures are related to depths. 

*A column of water 1 foot deep and 1 inch 
Square weighs a little more than four tenths 
f a pound. Furthermore, Plike air, water 
certis the same pressure in every direction 


M 


“Ihe benthograph being lowered into the water 
from the marine laboratory ship. Animals that 
live on the land would be crushed by the pres- 


sures that exist in the ocean’s depths. Explain 
Allan Hancock Foundation 


at any point below its surface. But unlike 
air pressure,! "water pressure increases by 
the same amount with every added foot of 
depth. Therefore the greater the depth, 
the greater is the pressure, or weight, of 
water pressing on every square inch of sur- 
face. 

Every added foot of depth in a river or 
lake increases the pressure on the bottom 
by a little more than four tenths of a pound 
per square inch. Thus the water pressure 
on a lake bottom where the water is 34 feet 
deep is about 15 pounds per square inch. 
Where the water is twice that deep (68 feet), 
the water pressure is twice as great as before, 
or about 30 pounds per square inch. 


WATER PRESSURE AND DAM CON- 
STRUCTION : Have you seen a great dam 
such as the Norris Dam on the Tennessee 
River, the Keokuk Dam on the Mississippi 
River, or the Hoover Dam on the Colorado 
River? Have you driven across the top of 
such a dam? 

*A dam is made thick at the top, but it 
always needs to be much thicker at the 
bottom in order to withstand the great water 
pressure against its bottom. The water pres- 
sure against the dam, however, does not de- 
pend on the size of the lake behind it. It 
depends only on the depth of the water im- 
mediately behind the dam (illustration, 


p. 78). 


WORKING UNDER GREAT PRESSURE - 
In deep water, pearl divers and sponge 
divers often descend 100 feet without pro- 
tection against the water pressure. Often, 
however, after a few years of diving, they 
become deaf or paralyzed from the effects 
of the water pressure. 


lIPage 23, col. 1. 
?Page 84, Experiment 1. 
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15 Ib per square inch 
water pressure 


All points at the same depth have equal water pressure. The water pressure at 4, 
B, and C is half that at D and E. But the total pressure at 4, B, and C is three 
fourths that at D and E. Explain 


Dsum EUds i. n 1M 


In diving suits. Divers of the United 
States Navy have descended in diving suits 
almost 450 feet below the surface. But under 
the great pressure that exists at such a depth, 
they could do little work. 

Divers rarely work at depths greater than 
200 feet. At this depth the pressure is about 
7 atmospheres,! or slightly more than 100 
pounds per square inch. 

A modern diving suit for use at moderate 
depths is made of heavy canvas, but has a 
metal head-piece that is water-tight (illus- 
tration, p. 79). The suit is inflated with a 
mixture of helium? and oxygen. As the diver 
goes deeper in the water, more of this mix- 
ture must be pumped into the diving suit 
to balance the increase of water pressure 
against its outside surfaces. 

The great pressure inside the diving suit 
forces considerable quantities of the gases 
into the diver's blood. He must be pulled 
to the surface slowly to allow these gases to 

!Pages 22 and 23. *Page 24, col. 2. 


escape gradually from his blood. If he is 
raised too fast, the dissolved gases form bub- 
bles. ‘This happens for the same reason that 
carbon dioxide forms bubbles in a bottle of 
“pop” when the cap is removed and the 
pressure is thus released. Bubbles in a 
diver's blood often cause caisson? disease. 
This disease is always painful and sometimes 
fatal. The mixture of helium and oxygen 
is used instead of air in diving suits because 
it is less likely to cause caisson disease. 

Modern diving suits for use in deep water 
are made of metal. The metal withstands 
part of the water pressure. Hence less air 
pressure is needed inside the suit, and con- 
sequently the diver runs less risk of having 
caisson disease. 

In caissons. At the bottom of a river or 
beneath it, in many great cities, huge tun- 
nels for traffic or for water or sewer systems 

Caisson (ka/sün): a water-tight compartment, or 


chamber, for construction work under water. 3 
‘Caisson disease is commonly called “the bends. 
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arce constructed. The construction must be 
carried on in caissons. Similarly, the con- 
struction of bridge foundations is carried 
on in vertical caissons at the bottom of 
xivers. Air must constantly be pumped into 
the caissons to keep the water out. 

Often the construction crews work under 
pressures of 3 atmospheres or even more. 
“Yo prevent their having caisson disease, each 
xman is decompressed! after he finishes his 
-ork shift. This statement means that the 
&ir that has been forced into the man’s 
blood by the great pressure in the caisson 
is removed. How is this decompression 


! Decompress (dé köm prés^): to reduce the pressure 
cx the compression. Decompression (dé köm présh’ tin): 
the act or process of decompressing. 


brought about? The worker goes from the 
caisson into a special chamber where the 
air pressure is equal to that in the caisson. 
There he rests, lying down, while the air 
pressure is slowly reduced. By the time the 
pressure inside the chamber has been re- 
duced to normal atmospheric pressure, the 
man’s blood has become nearly enough 
normal so that he can safely go into the 
outside air. 

In submarines. Submarines are con- 
structed so as to resist the crushing effect of 
water pressure. The greatest depth to 
which they can safely descend is consider- 
ably less than 1000 fect. At great depths 
the water pressure would crush them, as it 
would any other hollow body. 


Gold is where you find it. Do you infer that this diver is working in fairly deep or in 
fairly shallow water? Explain 


National Shawmut Bank, Boston 


3. What Are Some Important Uses of Water Pressure? 


WATER WHEELS : The water wheel is an 
ancient machine. It was one of man’s early 
attempts to use energy other than his own 
for doing his work. Thousands of years ago 
water wheels of various types were used for 
turning mill wheels for grinding grain. 
Such water wheels are no longer common 
(illustration, p. 86). Yet they are still 
used where the distance through which the 
water falls is not great. Now their place, 
and that of other old types of water wheels, 
have been taken by Pelton wheels and water 
turbines. 


ENERGY FROM MOVING WATER - One 
important purpose in constructing great 
dams is to secure water power. Neverthe- 


What advantages do you think that the Pelton 
wheel has over the water wheel shown on 
page 86? 


less, only about one tenth of the available 
water power in the world has yet been put 
to use. The water is brought through con- 
duits! to points where it can be directed effec- 
tively against the blades of Pelton wheels or 
water turbines. These turn generators for 
producing electricity. Considerably more 
than one fourth of all the electrical energy 
now used in the United States and Canada 
is thus obtained. 

"Ihe amount of water power that 
dammed-up water can furnish depends both 
on its quantity and on its pressure. Hence 
dams for water power are built, if possible, 
where large quantities of water can be 
stored high enough above the places where 
it will be used so that it will have great 
pressure. 

The Pelton wheel. The Pelton wheel is 
used commonly in small power plants in 
cities, and in mountainous areas where 
small amounts of water at high pressures are 
available. The water is made to issue from 
a pipe at great speed and is directed against 
the cup-shaped blades of the wheel (illustra- 
tion, left). 

The turbine. The turbine is used for 
generating electrical energy wherever great 
quantities of water are available for water 
power. Unlike Pelton wheels, turbines are 
set so that the blades rotate horizontally? 
(illustration, p. 81). 


PRESSURE IN CONFINED LIQUIDS - Pres- 
sures exerted by confined liquids are more 
easily understood when compared with pres- 
sures exerted by confined air. When a bas- 
ketball is bounced against the floor, the 

TPage 57, ftnt. 6. 


? Horizontal (hör Y zón'tàl): on a level; the opposite 
of perpendicular (pûr pén dtk'ü lé). 
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A water turbine. Can you explain hi 


part that strikes the floor is flattened some- 
what. Hence the air in the ball, which is 
already compressed, becomes compressed 
still more. Instantly the increased pressure 
inside the ball tends to make the ball become 
round again. The floor will not yield, but 
the air above the ball will. Therefore the 
compressed air inside the ball pushes the 
ball away from the floor and into the air in 
a bounce. At once the compressed air forces 
the cover into its normal round shape. 

*A basketball completely full of water 
would flatten somewhat, but would not 
bounce. Why? Because, unlike air and 
other gases, water and other liquids cannot 
be compressed. Furthermore, if the ball 
were dropped too hard, it would probably 


ow a water turbine and a Pelton wheel are 
somewhat like a windmill? 


burst at its weakest point, just as a paper bag 
full of water would burst if dropped. Why, 
again? Because "a force applied to any part 
of a confined liquid is transmitted through 
the liquid without loss. To illustrate, the 
force of striking the floor would be trans- 
mitted through the water to every part of 
the containing vessel (the basketball). Sup- 
pose that the ball struck with a force of 
25 pounds on every square inch of the part 
of its surface that hit the floor. Then 25 
pounds would be transmitted through the 
water and applied against every square inch 
of the inside surface of the ball. Any part of 
the inside surface that could not withstand 
a pressure of 25 pounds per square inch 
would give way. 
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A hydraulic jack. Hydraulic jacks are used not 
only in lifting the “corners” of cars, but also 
in raising and lowering barbers’ chairs and den- 
tists’ chairs. The release valve for allowing 
some of the oil to flow back into the reservoir 
and thus lower piston B is not shown here. 
When valve B is open, valve A is _ _?__ 


The hydraulic jack. The two prin- 
ciples in the preceding paragraph are ap- 
plied in the hydraulic! jack and other 
hydraulic machines (illustration above). 

When the small piston of a hydraulic jack 
is forced down, a little of the oil in the 
smaller chamber is pushed through valve A 


‘Hydraulic (hi dr'lik): operated by water or some 
other liquid. 


into the larger chamber. The oil transmits 
the pressure without loss to the larger piston. 
Thus the pressure in pounds per square inch 
is the same on the ends of both pistons, 
But the area of piston B is many times 
greater than that of piston A. Hence the 
total force exerted upward by B is as many 
times as great as the force exerted downward 
by A as the area of B is greater than the 
area of A. 

To illustrate, let us assume that the area 
of the end of the smaller piston is 1 square 
inch and that of the end of the larger one is 
ten times as great, or 10 square inches. If 
a force of 200 pounds is exerted by the 
smaller piston, then the pressure on the oil 
at its end is 200 pounds per square inch. 
The pressure on the oil at the end of the 
larger piston is also 200 pounds per square 
inch. But the total area of the larger piston 
is ten times as great as that of the smaller 
one. Therefore the total push, or force, that 
the larger piston exerts is ten times 200 
pounds, or 2000 pounds. 

The oil that is forced under B is spread 
over 10 times as much surface as it had to 
cover in A. Consequently the smaller piston 
often must be “pumped” several times in 
order to put enough oil under B to exert the 
desired force with the larger piston. 

Hydraulic presses, constructed in general 
like the hydraulic jack, can multiply small 
forces enormously. Therefore they are used 
for such purposes as pressing automobile 
bodies and fenders into shapes from flat 
sheets of steel, and squeezing powdered 
metal into solid gears. The United States 
Bureau of Standards has a hydraulic press 
capable of crushing blocks of reinforced con- 
crete.’ This press is used to test the breaking 
point of concrete. 


Reinforced (rë Yn först’) concrete; concrete that is 
made stronger with a core of steel rods. 
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Hydraulic brakes. Hydraulic brakes in 
automobiles are special types of hydraulic 
presses. The liquid used in them is glycerin, 
castor oil, or some other liquid that does not 
freeze at winter temperatures. A piston 
operated by the foot brake forces liquid from 
a large cylinder through tubes into smaller 
cylinders in each of the wheels. The liquid 
in these smaller cylinders in turn moves pis- 
tons attached to the brake shoes. When the 
foot brake is operated, the brake shoes are 
forced against the brake drum attached to 
each car wheel. The combined force thus 


exerted on all four wheels is enough to stop 
the car. 

Something for nothing? It may seem 
that with hydraulic machines much work 
can be done with almost no work on the 
operator’s part. This is not true. Where 
science is involved, nobody can "get some- 
thing for nothing." It is true that small 
forces can be multiplied enormously by such 
machines. But, as will be explained in a 
later unit, more work is always put into any 
machine than the amount of useful work 
that is got out of it. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 74-75. 1. When a 
cubic inch of water boils away, it forms 
about (1) 50; (2) 300; (3) 1000; (4) 1200; 
(5) 1700; (6) 2500 cubic inches of steam. 

2. Because steam has --?-- it can make 
a steam-boat or a steam engine move. 

3. The coffee-maker operates by means 
of the changes in pressure that result from 
the forming and condensing of steam. 

4. Because of its pressure, steam kills micro- 
organisms, both those that cause diseases 
and those that cause food to spoil. 

Pages 75-79. 5. In the deepest parts of 
the ocean, only green plants exist, because 
there is little sunlight at such depths. 

6. The pressure of the water on the 
bottom of a swimming pool is about the 
same at the deep end as at the shallow end. 

7. The water pressure at a depth of 
about 34 feet is about equal to two atmos- 
pheres of pressure. 

8. If a reservoir were made twice as 
big but no deeper, its dam would not 
need to be made much thicker at the bottom 
than before. 


9. Divers or men working in deep cais- 
sons cannot safely work long, because of 
the great pressure of the water against them. 

10. Diving suits are inflated with a mix- 
turc Of eee ande? 9 ito) reduce the 
danger of caisson disease. 


Pages 80-83. 11. Great power plants 
have been built at Niagara Falls because 
there great quantities of water at great pres- 
sure can be obtained. 

12. A Pelton wheel operates by having a 
jet of water directed against flat blades and 
also against the bottom of the wheel. 


13. Water and other liquids, when con- 
fined, can be compressed (1) as much as is 
desired; (2) as easily as confined air; 
(3) to a considerable extent; (4) to a barely 
noticeable extent; (5) not at all. 

14. Suppose that you cork a full bottle of 
water with a cork that has a surface of 1 
square inch on the bottom. If then you hit 
the cork a 5-pound blow, every square inch 
of the inside surface of the bottle will receive 
a force of --?-- pounds. 

15. Such machines as hydraulic jacks, 
hydraulic presses, and the “elevators” in 
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barbers’ chairs can operate only because 
liquids cannot be compressed and because 
confined liquids transmit forces without loss. 


SCIENTIFIC PRINCIPLES - 1. "Water pres- 
sure increases by the same amount with 
every added foot of depth. 

2. PThe greater the depth of water, the 
greater is its pressure, or the weight of water 
pressing on every square inch of surface. 


3. "Like air, water exerts the same pres- 


sure in every direction at any point below 
its surface. 

4. PUnlike air and other gases, water and 
liquids cannot be compressed. 

5. *A force applied to any part of a con- 
fined liquid is transmitted through the 
liquid without loss. 


SCIENTIFIC TERMS 


Tmicro-organism 
"organism 


"energy 
hydraulic 


Applying and. Extending What You Know 


AS SCIENTISTS WORK AND THINK . 
1. On page 76 there is this statement: 
"Scientists believe that this layer may be 
composed of small fish and other organ- 
isms.” Which of the scientific attitudes are 
indicated in this statement? Is this belief 
a fact or a hypothesis? Explain. 

2. On page 77 is the statement that 
animals that live on the earth's surface 
would be crushed by the pressures that 
exist in the oceans’ depths. Is this an in- 
ference, a hypothesis, or a fact? Justify 
your answer. 


CONSUMER SCIENCE . While camping, 
one often finds it convenient to heat canned 
beans and other canned foods right in the 
cans. This may be done safely by heating 
the cans in boiling water. But it cannot be 
done safely if they are put into the fire itself 
unless holes are punched in the can tops. 
Explain both these last two statements. 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. Why does a steam pipe cause 
more damage when it bursts than a hot- 
water pipe? 

2. Why should distilled water rather than 
tap water be used in a steam iron? 


3. Fish and other marine animals that 


live at great depths are adapted! to the 
enormous pressures of the water at those 
depths. The pressure inside their bodies is 
equal to the water pressure against the out- 
side. If they are caught and pulled to the 
surface, their bodies expand and usually 
burst. Can you explain why? 


4. Why should you plug your ears with 
cotton before you make a deep dive? 

5. What would happen to an inflated 
balloon if it were submerged in deep water? 
Explain. 

6. Why are water turbines located at the 
base of a dam rather than at the top? 


7. What advantages do you think that 
canvas diving suits would have over metal 
ones, and vice versa? 

8. Water is usually taken from the top of 
a dam and carried through pipes, or flumes, 
to the turbines at the bottom. Why is not 
the water taken from near the bottom of the 
dam? 


EXPERIMENTS - 1. In which direction, if 
any, does water exert the greatest pressure 
at any depth? With a black crayon draw a 
line around a varnish can 2 inches from the 


‘Adapt (à dápt^): to adjust or fit. 
?Page 43, ftnt. 1. 
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Experiment 1 fur- 
nishes evidence that 
supports what prin- 

ciple on page 84? 


bottom. Punch a hole with a small nail 
through the line on each of the four sides. 
Be sure that all the holes are of the same 
size. Plug the holes with wooden match- 
sticks from which the heads have been re- 
moved. Fill the can with water and then 
quickly remove all the match-sticks. Does 
the water spout out of all the holes the same 
distance? 

For a check experiment, repeat by filling 
the can to a different depth from that in the 
can before. Do you secure the same results 
as before or different results? Answer the 
question at the beginning of the experi- 
ment. 

2. How does water pressure vary with 
the depth? With a small nail punch holes 
of the same size 2 inches apart in a row from 
top to bottom of a varnish can (illustration 
above). Plug the holes with wooden match- 
sticks from which the heads have been re- 
moved. Fill the can with water. Remove 
the match-sticks. Answer the question at 
the beginning of this experiment. Which 
of the principles on page 84 is indicated 
by the results of this experiment? Can you 
explain why the distance to which the water 
spouts decreases as the water runs out? 


COMMUNITY APPLICATIONS OF SCI- 
ENCE - 1. Learning the uses of hydrau- 
lic devices. Suggest that the members of 


1Page 534. 


your class keep a record for one week of all 
the hydraulic appliances that they see in 
use. Combine the records into one list for a 
bulletin-board display. 

2. Investigating the water system in 
your community. Suggest that your class 
elect a representative to confer with the 
engineer of your local water-works or of 
one of its sub-stations in order to secure 
important facts about the water system. 
The facts secured will provide an interesting 
class report. Also, they will be suitable 
material for a part of a school assembly 
program or for an article to be published in 
your school newspaper. 


BULLETIN-BOARD DISPLAYS - 1. Suggest 
that your class select one of its members to 
write to the General Electric Company,” 
the Westinghouse Electric Corporation,’ 
and the Allis-Chalmers Manufacturing 
Company, requesting them to send pic- 
tures of the water and steam turbines that 
they manufacture. Make a bulletin-board 
display of the pictures. 

2. Suggest that your class select one of 
its members to write to one of the major 
automobile-manufacturers and ask for a 
chart of the hydraulic braking system of an 
automobile. Post the chart on the bulletin 
board. Study the chart and explain it to 
the class. (Consult textbooks of physics.) 


SCIENCE IN THE NEWS - Watch for ar- 
ticles in newspapers and news magazines 
that discuss any use of water in doing work. 
Cut out the articles. "They should provide 
material not only for reports in your science 
class, but also, possibly, for reports in your 
social-science and English classes. 


2Address: 570 Lexington Avenue, New York 22, 


Way: 

3Address: 360 Fourth Avenue, Pittsburgh 30, 
Pennsylvania. 

4Address: 1126 South 70th Street, West Allis 14, 
Wisconsin. 
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A reminder of pioneer days in the Midwest. Topic for Individual Study: Over-shot, under-shot, 
and breast water wheels, Of which type do you think this water wheel is? 
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HEAT AND ITS USES 


Weirton Steel Company 
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HEAT IN DAILY LIFE 


I. What Is Heat, and What Are Its Common Sources? 


"MEN AGAINST NATURE" Perhaps 
you know about Admiral Byrd's three scien- 
tific expeditions to the Antarctic Continent. 
Maybe you have read the interesting ac- 
count of how the men succeeded in building 
and maintaining their headquarters, Little 
America, on the great ice sheet. It is a story 
of constant struggle to endure the grim hard- 
ships of perhaps the world's bleakest region. 
It is a stirring tale of the triumph of science 
against great cold (illustration below). 


During his second expedition, in 1934, 
Byrd established for himself a camp 134 
miles south of Little America. His purpose 
was to study there the weather conditions 
near the south pole. For five months he car- 
ried on this work at his solitary post. During 
this period the temperatures frequently 
dropped as low as 70 degrees below zero. 

It is almost impossible to understand how 
Byrd managed to survive. His equipment 
was not suitable for use at such low temper- 


A surveying party of the Byrd Antarctic Expedition. Can you identify the pairs of 
tall objects near the men? 


Acme 


zatures. The kerosene, intended as fuel for 
his stove, turned to slush. It had to be 
thawed over a small wood fire before it 
~would burn. The stove itself failed to func- 
tion properly. Several times it filled his 
«heerless habitation’ with poisonous fumes, 
from which he nearly died. Often the severe 
«cold slowed down his bodily processes so 
greatly that he was only half conscious. 
Several times parties set out from Little 
America to rescue their leader. Each time 
the intense cold forced them to turn back. 
It changed the oil in their tractors and other 
vehicles to solids, thus causing breakdowns. 
Finally one party managed to struggle 
through the ice and snow to Byrd's camp. 
“They arrived just in time. Without immedi- 
ate help, the man would soon have died. 


WHAT HEAT IS - We could probably live 
about as comfortably in Antarctica as here 
if that part of the world received as much 
of the sun’s heat as this part. Why it does 
not will be explained later. Heat is a form 
of energy. So also arc light, electricity, 
atomic energy, and radio waves, food, and 
fuels. Energy has already been defined,” and 
it will be discussed later. 

*Cold is neither matter nor energy. Cold 
is merely a lack of heat. Things get colder 
when they lose some of their heat energy. 
"They get warmer when heat energy is added 
to them. But cold cannot be taken out of 
anything or put into anything. 


SOURCES OF HEAT *Heat from the 
sun. The sun is constantly sending out 
quantities of radiant? energy far greater than 


\Habitation (hab ï ta’shtin): a settled dwelling of 
any sort. 

2Use the Glossary to review the meanings of terms 
that have already been defined. 

Radiant (rà/dY änt): sent out in all directions in 
straight lines from a source, such as the sun. 


we can imagine. One form of radiant energy 
is radiant heat. Other familiar forms are 
light and radio waves. 

'The sun is the earth's most important 
source of heat. Yet only about one two- 
billionth of the radiant energy that the sun 
sends forth strikes the earth. This minute* 
fraction, however, is as much energy as 
could be obtained from burning 600,000 tons 
of coal per second. Also, it would provide 
enough heat every year, if none were lost, 
to melt a layer of ice covering the whole 
carth's surface to a depth of nearly 200 feet. 

Heat from combustion and other kinds 
of chemical action. Heat from burning 
fuels is the most familiar example of heat 
resulting from chemical action. Practically 
all the heat used in our homes and in indus- 
try results from the combustion, or rapid 
oxidation, of coal, oil, and gas. Slow oxida- 
tion? also can be made a source of useful heat. 
For example, slow oxidation is thus em- 
ployed in the chemical hot-water bottle. 
This bottle consists of a flat rubber case in 
which there is a container filled with fine 
particles of iron. About a tablespoonful of 
water is poured into the container. The 
water causes the iron particles to oxidize 
slowly. Their oxidation produces heat. 

Examples of chemical action, besides oxi- 
dation, that produces heat are not uncom- 
mon. Heat is thus produced when mortar 
is mixed for use in building the foundation 
of a house. Mortar is made by adding 
water to quicklime and sand and mixing 
the three substances together thoroughly. 
The water combines chemically with the 
quicklime and forms a new compound 
(slaked lime).’ Heat results from the chemi- 


4Page 20, ftnt. 4. 5Page 27. 
‘Page 27, experiment, col, 2. 
7Chemists express these statements with this ec 


tion: CaO + H:O —> Ca(OH)2 
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cal action, as is evident from the "steam"! 
that rises from the mortar. 

Heat from friction. If you rub your 
finger back and forth over your sleeve, you 
will soon feel heat. The heat results from 
the friction.’ Friction is the opposition, or 
resistance,’ to the movement of one object 
over the surface of another. The heat re- 
sulting from friction is useful in some cases, 
such as in striking a match. In most cases, 
however, it is undesirable or is destructive. 

Heat from compression. Did you ever 
“pump up” a basketball or a football with 
a hand pump? If so, did you notice that the 
bottom of the pump became hot? Some of 
the heat was produced by the friction of the 
plunger against the inner surface of the 
pump. Much of it, however, came from the 
compression of the air in the pump. PWhile 
substances are being compressed, they be- 
come warmer. 


Compression is used to some extent as a 
source of useful heat. For example, the 
operation of the diesel engine depends on 
the heat from compression, as will be ex- 
plained later. 

Heat from collisions, or impacts. If 
you pound a piece of iron on the same spot, 
twenty or thirty times, with a hammer, you 
will find that the iron is warmer than before. 
PHeat is produced whenever one object 
strikes another. A bullet will sometimes 
melt from the heat of impact‘ if it strikes a 
rock. 

Heat from electric currents. Electric 
heaters, toasters, hot plates, and irons are 
common in many homes. When an electric 
current passes through coils of wire inside 
such appliances? heat is produced in the 
wires. Heat produced in this way is used ex- 
tensively not only in homes, but also in vari- 
ous industries (illustrations, pp. 87 and 91). 


2. What Are Some Effects of Heat? 


HEAT AND VOLUME - Did you ever leave 
a "lively" basketball in a cold room over- 
night, and then try to play with it the next 
morning while it was still cold? If so, you 
doubtless found it somewhat flat and "slow." 
But as you played with it, the air inside it 
became warmer, chiefly from the compres- 
sion caused by the repeated bouncing. The 
ball quickly rounded out and became lively 
again. 

Did you ever see the cap of a ketchup 
bottle “plop”? off soon after the bottle had 
been transferred to a warm room from the 
refrigerator? Did you ever see an automo- 
bile's gasoline tank that had been entirely 
filled spill over after the car had stood 
in the hot sunshine awhile? Did you ever 


Page 49, ftnt. 3. 


?* Friction (frtk'shün). 
3 Resistance (r6 zis'táns). 


notice how much lower wire clothes-lines or 
telegraph wires sag in summer than in winter? 

The phenomena? just described are ex- 
plained thus: The air in the cold basketball 
contracted as it cooled during the night. It 
expanded again as it became warm the next 
morning. The cold air (a gas) in the ketchup 
bottle expanded as it became warmer and 
blew off the cap. The gasoline (a liquid) 
expanded as it became warmer until its vol- 
ume became too great for the tank to hold. 
The metal wires (a solid) expanded and be- 
came longer in hot weather. They contracted 
and became shorter in cold weather.’ 

‘Page 36, ftnt. 2. 5Page 38, ftnt. 1. 

"Phenomena (fë nóm'e nå): singular, phenomenon 
(fe nóm'é nón). A phenomenon is an interesting 
scientific happening that can be described and ex- 


plained. 
"Page 100, “Applying Your Knowledge," No. 1. 
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What sources of heat can you identify here? What sources are not represented? 
Can you suggest how the missing sources could be represented by drawings similar 
to these? Try your hand at making some of these drawings for display 
on your classroom bulletin board 


All these examples illustrate the principle 
PeSolids, liquids, and gases expand when 
heated and contract when cooled.” 


HEAT AND EVAPORATION - It is com- 
mon practice for motorists on long trips to 
carry on the bumper of the car a canvas 
water bag filled with drinking water. 
Enough of the water seeps through the can- 
vas to keep the outside surface damp. The 


film of water covering this surface constantly 
evaporates. Thus it changes from the liquid 
state (water) to the gaseous state (water 
vapor).! As the film of water evaporates, it 
loses heat and becomes cooler. Part of the 
heat that it loses, as it evaporates, is restored 
by the sunshine and the warmer air around 
it. But more is supplied by the water inside 
the bag. Losing this heat makes the water 
1Page 49, ftnt. 3. 
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arold E. Edgerton! 

What effect do you think kicking a football has 
upon the temperature of the air inside it? Can 


you state a principle that supports your answer? 


lFrom Flash!.by Edgerton and Killian. Charles 
T. Branford Company. 


cool and keeps it so. The water that evap- 
orates into the air from the surface film is, 
of course, lost. 

If washed dishes are rinsed in cold water, 
they remain wet for a considerable time. 
But if they are rinsed in boiling water, they 
dry quickly. In many wash-rooms warm air 
is provided in the place of towels. A stream 
of warm air directed upon wet hands 
quickly evaporates the water on them. But, 
until the hands become dry, the warm air 
feels cool. 


SUMMARY - *The facts stated in the pre- 
ceding paragraphs illustrate four important 
principles: "Heat causes liquids to evapo- 
rate. "Ihe higher the temperature of a 
liquid, the faster it evaporates. PEvapora- 
tion lowers the temperature of a liquid (it 
becomes cooler). ’The faster a liquid evapo- 
rates, the faster its temperature lowers. 


3. How Do Heat and Temperature Differ? 


IN THE "GOOD OLD DAYS" . In the 
horse-and-buggy days people often had to 
make long trips in cold weather, in partly 
open buggies or in open sleighs (illustration, 
p. 93). Of course they “bundled up.” But, 
even so, they frequently suffered from the 
cold. They made foot-warmers by heating 
flat-irons, bricks, or blocks of soap-stone and 
wrapping them in cloths. But often foot- 
warmcrs got cold before the ride was over. 

People soon learned that some substances 
stayed warm longer than others. They 
found that a hot brick or a hot soap-stone 
block would keep their feet warm longer 
than an equal weight of iron, even though 
at the start both were equally hot. In other 
words, they discovered that brick or soap- 


stone contains more heat per pound than does 
iron at the same temperature. 

From the experiences just related, it is 
evident that heat and temperature are not 
the same. 


DIFFERENCES BETWEEN TEMPERATURE 
AND HEAT - *Temperature is not a form of 
energy, as heat is. Instead it is a measure of 
the intensity? of heat. Temperature indicates 
not how great a quantity of heat a body con- 
tains, but only how hot that body is. To 
illustrate, suppose that a whole brick and a 
half brick are at the same temperature (are 
equally hot). Then the whole brick contains 
twice as much heat as the half brick. 

1Page 40, il. 

"Intensity (in tén'sf ti): amount of force or energy. 
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Ice, Dry Ice, and all other substances that 
we think of as being cold do contain heat. 
But the heat in them is much less intense 
than it is in substances that we think of as 
being hot. Hence we say that their temper- 
atures are low. 


MEASURING TEMPERATURES - If you put 
your hand into ice water, and then into 
"water at room temperature, the water at 
room temperature will feel warm. But if 
you put your hand into hot water, and then 
into water at room temperature, the water 
at room temperature will feel cold. Hence 
hands are not reliable instruments for 
measuring temperatures. But thermometers 
are. 

Liquid thermometers. Liquid ther- 
mometers are by far the most common type. 
'There is almost certain to be one in your 
school-room. Furthermore, you probably 
use at least one in your home. 

A liquid thermometer is a glass tube with 
a bulb at the bottom. The bulb usually con- 
tains either mercury, or alcohol that is 


colored blue or red. In the process of mak- 
ing such a thermometer, the bulb is first 
heated. As the alcohol or the mercury be- 
comes warmer, it expands! until it extends 
to the top of the tube. As it does so, it 
pushes out all the air. Then the tube is 
sealed. As the liquid cools, it contracts,! and 
its level falls in the tube. Above it is a per- 
fect vacuum except for a relatively few 
molecules? of mercury or alcohol vapor. A 
temperature scale is then marked on or be- 
side the tube. 

Relative advantages of mercury and 
alcohol thermometers. Mercury is the 
only common metal that is in the liquid 
state at ordinary temperatures. When it 
becomes cold enough, it freezes into a soft 
solid, much like silver. Its freezing tempera- 
ture is considerably lower than that of 
water, but is much higher than that of 
alcohol. Therefore alcohol thermometers 
are used in cold climates where, in winter, 
mercury would freeze, but alcohol will not. 


1Page 91, col. 1. ?Page 35. 
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Where foot-warmers were needed. Can you state two reasons for wrapping the 
foot-warmers in cloths? 


Centigrade Fahrenheit 
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mo point H 212 

90 of water 194 

80 176 
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The boiling point and the freezing point on a thermometer are called the fixed 
points. Every metal and every one of a large number of other substances has its 
own freezing point and boiling point. When alcohol is used in automobile radiators 
as an anti-freeze, more alcohol must be added from time to time. Why? 
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Alcohol boils at a temperature far below 
the boiling point of mercury and even con- 
siderably below that of water. Hence mer- 
cury thermometers may be used for measur- 


ing higher temperatures than alcohol ther- 
mometers will measure. 


SCALING, OR GRADUATING, A LIQUID 
THERMOMETER - The two thermometer 
scales now in common use are the Fahren- 
heit! or F, scale and the centigrade,? or C, 
scale. 

The first step in scaling a mercury or an 
alcohol thermometer is to place the lower 


Fahrenheit (fär'ën hit). ?*Centigrade (sén't grad). 


part of the tube and all the bulb in a funnel 
full of melting ice (illustration, A, above). 
As the liquid cools in the thermometer, it 
contracts, and its level falls. When it stops 
falling, a short horizontal line is marked on 
the glass beside it. This level indicates the 
freezing temperature, or freezing point, of 
water. It is marked “32” on a Fahrenheit 
scale or “0” on a centigrade scale. 

The thermometer is then suspended in 
the steam above boiling water (illustration, 
B, above). A line like the first one is marked 
at the highest level to which the liquid rises 
in the tube. This level indicates the boiling 
temperature, or boiling point, of water. It 
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ás marked “212” on a Fahrenheit scale or 
<< 100" on a centigrade scale (illustration, C, 
P- 94). 

On the Fahrenheit thermometer the dis- 
tance between the lines is divided into 180 
e-«qual spaces. Each space represents 1 de- 
£x rce Fahrenheit (1° F). On the centigrade 
thermometer the distance is divided into 
1 O0 equal spaces, each representing 1 degree 
centigrade (1? C). 


METALLIC THERMOMETERS - Metallic 
thermometers are used where glass ones 
~would be likely to be broken. They are 
1ascd, too, to measure temperatures above 
the boiling points, and below the freezing 
Boints,! of alcohol and mercury. They are 
x3ecessary parts of most thermostats that au- 
tomatically control room temperatures and 
«oven temperatures. They are also widely 
wased for temperature controls in industry.” 


AS COLD AS POSSIBLE - In Antarctica, 
X3yrd and his men found the winter tempera- 
tures almost too low to endure. Yet these 
temperatures were warm when compared 
with extremely low temperatures. The cold- 
«-st possible temperature is absolute zero.? 
Absolute zero is almost 460 degrees below 
Zero Fahrenheit (— 460° F) or 273 degrees 
Below zero centigrade (— 273° C). Scien- 
tists have not yet been able to cool any- 
thing to this temperature. They have, how- 
ver, produced temperatures only a small 
fraction of a degree above it. 

What will scientists discover if they ever 
Succeed in producing absolute-zero temper- 
ture and can experiment with materials 
x-educed to that temperature? Nobody yet 


1 Point in these cases means point on a thermometer, 


<r temperature. 
?Page 101, ‘Topics for Individual Study," No. 2. 


3Page 21, col. 1. 


knows. Some scientists believe the follow- 
ing results to be possible: At absolute zero 
no plant or animal could remain alive. Iron 
and stecl would crumble into dust. Electric 
currents would pass through wires without 
resistance. Other scientists suggest that, at 
absolute zero, matter may cease to exist! 

Facts obtained from experiments with 
temperatures near absolute zero have al- 
ready brought about important advances in 
industry. They have led to the manufacture 
of better glass, improved gasoline, stronger 
steel, and longer-wearing rubber. Other 
scientific advances are expected from studies 
of extremely low temperatures. 


CALORIES OF HEAT - Why didn't the 
people of the horse-and-buggy days use 
bottles filled with hot water for foot-warm- 
ers? Maybe they did, sometimes. But you 
can think of several disadvantages in their 
using bottles of water. Yet water would 
have served better, pound for pound, than 
soap-stone, brick, or iron, if it could have 
been made equally hot. In fact, water con- 
tains more heat per pound than any other 
common substance at the same temper- 
ature. 

Heat energy is measured in calories.* A 
calorie is the quantity of heat that must be 
put into 1 gram of water to make it 1 degree 
centigrade (1° C) hotter.’ Also, a calorie is 
the quantity of heat that 1 gram of water 
gives off when it becomes 1° C colder TA 
gram of water is not quite a third of a tea- 
spoonful. A pint of water weighs about 500 
grams (illustration, p. 96). 

4* Calorie (kál 6 ri). 

SThis is the small calorie, which is used in connec- 
tion with heat and fuels. The large Calorie is one 
thousand times as great, or the quantity of heat 
needed to raise 1000 grams of water 1°C in tem- 
perature, It is used to express the heat-producing 
values of foods. 
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4. What Are Some Further Important Aspects and Applications 
of Heat and Temperature? 


BOILING POINT AND AIR PRESSURE - 
When we hear the expression "boiling hot,” 
we think of water that is hot enough to 
scald and to cause painful burns. But water 
can be boiling and still not be hot. In fact, 
the boiling point of water is 212? F only 
when the atmospheric pressure is standard 
(about 15 pounds per square inch).! As the 
air pressure changes, so also do the boiling 
points of water and other liquids. They rise 
as the air pressure above them increases and 
fall as that pressure decreases. To illustrate, 
the apparatus of a high-school physics labo- 
ratory often includes a “palm glass." This is 


Page 22, col. 2. 


The bigger kettle contains about three times as 
much water as the smaller one. Is the temper- 
ature of the water in both the same? Do both 
contain about the same quantity of heat? 
Explain 


a specially constructed glass tube that con- 
tains some water in a nearly perfect vacuum. 
If you grasp a palm glass, the water in it 
will almost immediately begin to boil vio- 
lently, from just the heat of your hand. 
How can water boil at the relatively low 
temperature of your hand? It can and does 
because there is almost no air pressure upon 
its surface. 

To illustrate again, Denver is about a 
mile above sea level. Therefore it has a 
normal atmospheric pressure about 5 inches 
less than the standard pressure at sea level. 
Consequently, at Denver, water boils at 
about 202? F. At that temperature, boiling 
water is not hot enough to cook some foods 
quickly and satisfactorily. 

Many people, especially those living at 
high altitudes, use pressure cookers for boil- 
ing foods. ‘The water inside the cooker is 
first brought to a boil. The cooker is then 
sealed air-tight. A valve in the lid allows 
the pressure inside the cooker to build up 
to a certain point, but not beyond it. This 
certain point, or pressure, may be 2 atmos- 
pheres or more. At this increased pressure 
the boiling water may be 30 or more degrees 
hotter than it would be if it were boiling 
outside the cooker. Hence the food cooks 
faster? (illustration, p. 97). 


EVAPORATION AND BOILING CON- 
TRASTED - In both evaporation and boil- 
ing, a liquid is changed into a gas, or vapor. 
Yet evaporation and boiling are different 
in three important ways: 

Evaporation is much slower. 

PA liquid evaporates only at its surface. 


*Page 101, “Applying Your Knowledge," No. 2. 
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Pressure cookers are useful for boiling foods 
at low altitudes, as well as at high altitudes. 
Explain 


© When a liquid boils, however, the bubbles 
©f vapor may form anywhere in it. 

PA liquid evaporates at all temperatures. 
But it boils only at its boiling point. 


BOILING POINTS AND DISSOLVED SUB- 
STANCES - Water that has substances dis- 
solved in it will neither boil at its normal 
boiling point nor freeze at its normal freezing 
xXooint. For example, ocean water has salt 
zand many other substances dissolved in it. 
Hence ocean water boils at a temperature 
Somewhat above 212°F and freezes at a 
temperature several degrees below 32°F 
Cillustration, right). 

Anti-freezes. Do you live in a part of 
*he country where the radiators of automo- 
biles must be protected against freezing in 
the winter? Water expands as it freezes. 
Consequently, if it freezes inside an automo- 


bile radiator, it is likely to burst the radia- 
tor. Anti-freezes are used to prevent such 
freezing. 

An anti-freeze is a liquid that freezes at a 
temperature much lower than the freezing 
point of water. The weather must therefore 
become considerably colder than 32° F be- 
fore a mixture of anti-freeze and water in an 
automobile radiator will freeze. 


FREEZING AND BOILING TEMPERA- 
TURES CONSTANT - Can you cook? When 
boiling food, have you ever turned on more 
heat with the hope of making the boiling 
water hotter and thus of making the food 
cook faster? If so, you did not succeed. 
Boiling water does not become any hotter, 
no matter how violently it boils. It merely 


Put coarse salt on icy sidewalks to melt the 


ice. Explain 
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boils away faster. ‘Therefore turning on 
more heat under a boiling kettle is a waste 
of fuel. 

Did you ever try to make ice-cold “‘pop,” 
or "tonic," colder by putting more ice into 


it? If so, again you did not succeed. If 
water is already at freezing temperature, 
you cannot make it any colder by adding 
more ice. The ice in it will continue to melt 
only fast enough to keep the water ice-cold. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 88-90. 1. Cold is the 
state that exists when there is no heat energy 
present. 

2. The one of the following that is not a 
source of heat energy is (1) combustion; 
(2) friction; (3) an impact; (4) a ther- 
mometer; (5) the sun; (6) compression; 
(7) an electric current. 


3. Of the sources of heat energy listed in 
No. 2, the most important is __?__. 


Pages 90-92. 4. If you cool a pan of 
water that is completely full, it will probably 
"run over.” 


5. If you are wet through by the rain, 
you will become chilled more quickly if the 
wind is blowing than if the air is still, be- 
cause the faster water evaporates, the cooler 
it becomes. 


Pages 92-95. 6. Temperature is a form of 
energy, and heal indicates how hot or how 
cold a body is. 

7. Every body has a temperature because it 
contains some heat. 

8. The two substances that are most fre- 


quently put into thermometers to indicate 
temperatures are -kan and oer. 


9, All liquid and metal thermometers 
operate on this principle: "AII solids, liq- 
uids, and gases expand when heated and 
contract when cooled. 


10. The coldest possible temperature is 
0? C. 

11. Temperatures are measured in calories 
and heat in degrees. 


Pages 96-98. 12. A pressure cooker is 
a device for making water boil at a higher 
temperature by making the pressure on the 
water less. 

13. State three differences between evap- 
oration and boiling. 

14. Pure water must be made hotter than 
sea water before it will boil. 

15. Sea water must be made colder than 
pure water before it will freeze. 

16. Anti-freezes are put into the radiators 
of automobiles to raise the boiling point of the 
water. 


SCIENTIFIC PRINCIPLES 1. "Radiant 
energy travels in straight lines and in all 
directions from its source. 

2. PAs substances are compressed, they 
become warmer. 

3. "Heat is produced whenever one ob- 
ject strikes another. 

4. PSolids, liquids, and gases expand 
when heated and contract when cooled. 

5. "Heat causes liquids to evaporate. 

6. "The higher the temperature of a 
liquid, the faster it evaporates. 

7. "Evaporation lowers the temperature 
of a liquid, or, stated in another way, as 4 
liquid evaporates, it becomes cooler. 

8. "The faster a liquid evaporates, the 
faster its temperature lowers. 

9."The boiling point of water varies 
with changes in the atmospheric pressure. 


10. "A liquid evaporates only at its sur- 
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H. Armstrong Roberts 


PIce melts under pressure and freezes again when the pressure is relieved. The pres- 


sure of the skate runner causes the ice to melt a little under it. The skate slides easily 
along in the film of water. This water freezes again after the skate runner has 
passed through it and the pressure from the runner has been relieved. Why can 
you squeeze water out of a snowball and have a ball that is mostly ice after you 
have stopped squeezing it? 


face; but when it boils, the bubbles of SCIENTIFIC TERMS 
Va in i : 
ipor may form anywhere 1n it. sorie *expand 
11. "A liquid evaporates at all tempera- *centigrade *Fahrenheit 
tures, but it boils only at its boiling point. *contract *heat 
12.PThe freezing point of a liquid is *degree *tempcrature 
lowered if it contains dissolved substances. *evaporation *thermometer 
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Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
1. Perhaps you have heard someone state 
that water can be brought to a boil sooner 
in a covered pot than in an uncovered one. 
Using the elements of scientific method, 
plan an experiment to obtain evidence 
indicating whether this statement is true. 

2.Do you think that the statements 
about absolute zero on page 95 are facts, 
hypotheses, or theories? Justify your an- 
swer. 

3. Can you plan and carry out an ex- 
periment to find whether air expands or 
contracts when heated or when cooled? 
You can use a flask, a rubber balloon, a 
rubber band, and a burner. Heat the flask 
only enough so that the answer to the ques- 
tion is clearly indicated. 


CONSUMER SCIENCE - 1. Can you ex- 
plain why it is usually more economical to 
buy gasoline in the morning hours than in 
the afternoon? 


2. Wood alcohol boils at about 140° F, 
synthetic? grain alcohol at about 180° F. 
Can you explain why, although grain al- 
cohol costs more, it might prove to be a 
cheaper anti-freeze than wood alcohol for 
your car? 

3. Why are thick drinking glasses more 
likely to crack than thin ones when put into 
hot water? 


APPLYING YOUR KNOWLEDGE OF 
SCIENCE - 1. As has been stated,’ scientists 
believe that all matter is made up of mole- 
cules. They believe that molecules are 


1Page 44, ftnt. 2. 

*Synthetic (sin th&t'fk): built up by chemists from 
the substances that compose it. In synthesizing (stn’- 
thé siz Ing) alcohols, the substances combined are 
carbon, hydrogen, and oxygen. The chemical for- 
mula of grain alcohol is CgHsOH, and that of wood 
alcohol is CH3;0H. 

*Page 35, col. 2. 


B contains 100 more calories than A. Explain. 
How many more calories does the water in C 
contain than the water in A? 


always in motion, and that the higher the 
temperature is, the faster the molecules 
move. To illustrate, as the cold air in the 
basketball became warmer, the molecules 
of air moved faster. They struck with 
greater and greater force against the inside 
walls of the basketball. Hence they both 
increased the air pressure inside the ball 
and at the same time pushed the walls of 
the ball out farther. Thus the air inside 
the ball expanded. 

Scientists explain the expansion of the 
gasoline* thus: As the gasoline molecules 
became warmer, they moved faster. They 
struck against one another with greater and 
greater force. Consequently they moved 
farther apart, with the result that the gaso- 
line expanded and took up more space. 

Scientists explain the expansion of the 
metal wires’ in summer in much the same 
way that they explain the expansion of a 
heating liquid. The molecules in a solid do 
not move about freely, as they do in gases 
and liquids. Instead they move to and fro 
somewhat like the ball of a clock pendulum. 

Using the materials in the three para- 
graphs above, can you explain how the 
motions of the molecules in a metal that 1s 


‘Page 90, col. 2. 
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Being heated may cause it to expand? 
«an you explain similarly why a cooling 
liquid ora cooling, confined gas contracts? 

2. Death Valley, California, is below sea 
Jewel. Is the boiling point of water there 
zi bove or below 212°F? Explain. 


TOPICS FOR INDIVIDUAL STUDY - 1. 
Xess than two centuries ago scientists be- 
13 eved that all bodies contained a weightless, 
<olorless fluid. They believed also that the 
za xnount of heat in a body depended on the 
mount of this fluid that it contained. 
Tence a body became warmer or colder by 
£xaining or losing this fluid. In the late 
<ighteenth century, however, Count Rum- 
ford! performed an experiment that showed 
that no such fluid exists and that heat is a 
form of energy. Consult an encyclopedia 
wander the topic "Heat" to find out how 
Count Rumford performed his experiment. 
repare a report for your science class or 
science club. 


A metallic thermometer. Why must strips 
of two different metals be used? 


OIN NONI. a TTETTT 
2, The illustration on this page shows 

the working parts of a metallic thermometer. wood and drive a large nail through it. 
“The compound bar is made of a strip of Make the hole through the can top just big 
brass and a strip of iron riveted together. enough for the nail to pass through it. Then, 
"When the bar is heated, the brass strip holding the nail with pliers, heat it as 
expands and lengthens faster than the iron nearly white hot as you can. Then see 
strip. When the bar is cooled, the brass whether it will go through the hole in the 
strip contracts and shortens faster than the cán top as before. Cool the nail in cold 
iron one. Consequently, when heated, the water and see whether it will go through the 
bar curves in one direction. When cooled, hole. Answer the questions at the begin- 
it curves in the opposite direction. The ning of this experiment. 

pointer is attached to the compound bar. 2. Will a body 
As the compound bar shortens oF lengthens 
with a change in temperature, the pointer 
indicates the existing temperature on the 
scale. Consult textbooks of physics to find 
out how a thermostat functions. 


of liquid expand or con- 
tract when it is heated? when it is cooled? 
Fill a flask with water to a level within an 
inch of the top of the neck. Be sure that 
the outside of the flask is dry. Heat it and, 
as you do $0, watch the level of the water. 
ust as soon as you Can answer the first 
question at the beginning of this experiment, 
remove the heat. Put the flask into cold 
water and' watch the water level. What do 


1Benjamin Thompson (Count Rumford), American- DON observe? E the second question 
born British scientist; lived, 1753-1814. at the beginning of the experiment. 
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EXPERIMENTS - 1. Does a solid body ex- 
pand or contract when it is heated? when 
itis cooled? Place a can top on 4 block of 


1 
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HOW HEAT IS PRODUCED AND USED 


1. What Conditions Are Necessary for Combustion? 


FACTORS OF COMBUSTION : Do you live 
in or have you visited a city in which there 
are steel mills? Have you ever “gone 
through” a steel mill? Such an inspection 
tour is a wonderful experience, though 
perhaps a somewhat terrifying one. All 
about are flame, glowing metal, and great 
heat. 


It might seem that the process of securing 
the enormous amounts of heat energy 
needed for melting steel must be unique! 
But it is not. It is the process of combustion 
—the same process that is used in cooking 
food with fuel and in heating homes. 

*Three factors, or conditions, are neces- 


1Page 6, ftnt. 3. 


Loading into cars coke right out of a coke oven for making steel. Could wooden 
cars be used for carrying this coke? Explain 


MOE ETC EX HA 


Ford Motor Company 
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Which of the conditions necessary for combustion are present h 


sary in order to have combustion in a steel 
mill or anywhere else: A combustible! sub- 
stance must be present. Oxygen to support 
the combustion! must surround this sub- 
stance. Enough heat must be supplied to 
bring the combustible substance to its kin- 
dling temperature and keep it there (illus- 
trations, pp. 87, 102, and 103). 
Combustible materials, or combustibles. 
The most familiar combustibles are coal, oil, 
gas, and wood because they are the common 
fuels. One or another of the first three is the 
source of heat in almost every industry. All 
four are used in homes. We think of such 
other combustibles as paper and cloth and 
perhaps also wax and tar in connection with 


1Use the Glossary for reviewing the meanings of 
terms that have already been defined. 


ere? 


burning buildings. No doubt you can name 
other combustible substances. 

Oxygen, a supporter of combustion. The 
air supplies the oxygen that is needed for 
combustion. In the process of combustion 
oxygen combines chemically with the com- 
bustible materials. Oxides are thus formed. 

Kindling temperature, or kindling 
point. Did you ever try to burn a book? 
If so, did you succeed? The book consisted 
of a highly combustible substance, namely, 
paper. Moreover, oxygen, a supporter of 
combustion, was abundant all around the 
book. Yet the outside leaves probably 
stopped burning as often, and about as soon, 
as you ignited® them. Why? Because they 


?Page 26, col. 1. 


*Ignite (ig nit’): to set on fire; to start to burn. 
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burned too slowly to supply enough heat to 
keep the paper at its kindling temperature, 
or kindling point. 

*Every combustible substance has its own 
kindling temperature. This is the tempera- 
ture at which that substance will start to 
burn. A fire will not start, not even a gas- 
oline fire, until part of the fuel has been 
heated to its kindling temperature. Also, a 
roaring fire will “go out” at once if anything 
cools the fuel below its kindling point. 

Hard coal has a relatively high kindling 
point. Metals have even higher ones. In 
contrast, yellow phosphorus, a dangerous 
wax-like substance, has a kindling point low 
enough so that it will ignite at ordinary 
room temperatures or even from the heat 
of the hand. 


STARTING FIRES - *A combustible burns 
only at its surface. PThe greater the amount 
of a combustible’s surface that is exposed to 
the oxygen in the air, the more rapidly it will 
burn. 

A combustible with a high kindling tem- 
perature is set on fire by being heated with 
a burning substance that has a lower one. 
Thus coal is usually ignited in a grate by the 
heat from burning wood. The wood is 
raised to its kindling temperature by the 
heat from burning paper. The paper is 
made hot enough to begin burning, by the 
heat from a burning match. Neither the 
burning match nor the burning paper would 
supply enough heat to ignite the coal. 


SPONTANEOUS COMBUSTION - Some- 
times a fire occurs that seems to have 
“started itself.” Such a fire actually is 
started by spontaneous’ combustion. 


Phosphorus ([ós'fo rùs). 
?Spontaneous (spön tà'n& tis): 
human effort. 


produced without 


Before the nature and causes of spon- 
taneous combustion had been discovered, 
there were many such mysterious fires. 
Many people thought them supernatural. 
Furthermore, until the causes of spontane- 
ous combustion had been discovered, no 
means of preventing such fires could be 
invented. 

Spontaneous combustion results when the 
slow oxidation of a combustible substance is 
followed by its rapid oxidation.‘ For ex- 
ample, the oil in oily rags or on them oxi- 
dizes slowly. If the rags are in the. open 
air, the heat that results from the oxidation 
escapes as fast as it is produced. The rags 
do not even become warm. But if oily rags 
are confined in a small space, as in a closed 
closet, then the heat formed as the oil oxi- 
dizes cannot escape as fast as it is produced. 
Hence the heat builds up in the rags. After 
a day or so, or even a few hours, they may 
become hot enough to reach their kindling 
point. Then they burst into flame, and 
rapid oxidation begins. A serious fire may 
result. 

In the same way spontaneous combustion 
can take place in damp hay in a barn loft. 
Also, it can occur inside piles of damp saw- 
dust or damp coal. 

*The spontaneous combustion of oily rags 
can be prevented by storing them in covered 
metalcans. The oxygen in the cans soon be- 
comes used up, and further oxidation ceases. 
Consequently the rags do not become hot 
enough to burn. The spontaneous combus- 
tion of hay can be prevented by drying it 
thoroughly before putting it into the barn. 
Dust explosions result from even more rapid 
oxidation (illustration, p. 105). 


Supernatural (si pér nách'óó ral): credited to causes 
beyond nature, that is, causes for which there can be 
no scientific explanation. 

*Page 27, col. 1. 
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NON-COMBUSTIBLE, OR INCOMBUSTI- with oxygen in the air to form hydrogen ox- 
LE, MATERIALS - If you have made coal ide, or water, and carbon dioxide. The 
c»x wood fires, you know that a small part water is, of course, in the form of steam. 
<f the fuel is non-combustible. This part Also, when fuel burns, there is always smoke. 
«will not burn, no matter how much it is Smoke consists of unburned particles of 
Eacated. It is left as ashes or clinkers. Other carbon in the form of soot, together with 
x20n-combustible materials include rock, particles of ash and some chemical com- 
<lass, and cement. You can doubtless name pounds in the form of gases (illustration, 
xmany others. p.103). These gaseous? chemical com- 

pounds are commonly called fumes.? 

PRODUCTS OF COMBUSTION - Most fuels *PWhenever fuel burns, the energy stored 
zare composed of compounds of hydrogen in the fuel is changed to heat energy and 
and carbon or of carbon mixed with such also, usually, to light energy. 

«compounds. Therefore, whenever any fuel Page 26, col. 2. ?Page 49, ftnt. 2. 
burns, the hydrogen and carbon combine 3Page 25, col. 1. 


Particles of coal dust, flour, starch, or other combustible, when small enough to 
float as dust in the air, can produce an explosion if a spark starts the combustion. 
Can you explain why? In the case shown here, the destruction was caused by an 

explosion of particles of magnesium.’ Can you suggest how dust explosions 
may be prevented? 
1Page 62, ftnt. 3. 


Bureau of Mines, United States Department of the Interior 
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2. What Are the Common Types of Fuels? 


A MILESTONE OF SCIENCE - Imagine 
what life must have been like before man 
learned how to make fire. Then imagine 
the changes that occurred after somebody, 
somehow, learned to make pieces of wood 
burn and keep burning. No longer did the 
primitive folk have to shiver through the 
cold days and nights. No longer were they 
confined to localities with warm climates. 
Protected by their fires, no longer did they 
need to fear attacks from night-prowling 
animals. It is no wonder that the discovery, 
thousands of years ago, of how to usc fire is 
considered one of the greatest of all advances 
in science.! 


COMMON FUELS - *Most people could 
probably name more fuels that are solids or 
liquids than ones that are gases. But few 
know that practically all solid or liquid fuels 
must be changed by heat to gases before they 
will catch fire and burn. 

Solid fuels. Coal. Coal is by far the 
most important fuel. Most of the industries 
of the world can be carried on only because 
coal is available. 

There are three grades of coal, namely, 
anthracite,” bituminous,’ and lignite.? They 
differ from one another in composition, 
hardness, and heating value. 

Anthracite. Anthracite is the hardest coal. 
It is nearly pure carbon. It burns with a 
blue flame and gives off little smoke. Also, 
it is relatively free from coal dust. 

Bituminous coal. Bituminous coal is com- 
monly called soft coal because it crumbles 
easily into coal dust, or slack. It contains 
greater quantities of rock and other impuri- 

1Page 2, il. 


"Anthracite (Án'thrá sit). Bituminous (bt tü'mt nüs). 
Lignite (lig'nit). 


ties than does anthracite. Furthermore, it 
gives off great quantities of smoke when it 
burns. In fact, many cities now have laws 
against burning bituminous coal within the 
city limits, unless means are used for elim- 
inating? the smoke. 

Soft coal is more widely used than any 
other grade of coal because it is found in the 
earth in greater quantities and in wider dis- 
tribution. It is commonly used as a source 
of heat energy in trains and factories, where 
its low cost is an important factor. 

Lignite and peat. Both lignite and peat are 
soft, brown substances that look more like 
decayed wood than coal. Lignite, however, 
is a low-grade coal and is commonly called 
brown coal. Peat is not coal, though it looks 
more like lignite than like wood and the 
other vegetable matter from which it was 
formed. Both lignite and peat burn with 
a smoky flame. Neither has the heating 
values of bituminous coal or anthracite. 

There are vast quantities of these low- 
grade fuels in the United States and Canada. 
They are not used widely, however, because 
soft coal is abundant. But in many of the 
European countries in which high-grade 
coals are scarce, lignite and peat are used 
extensively. 

Coke. Coke is made by roasting bitumi- 
nous coal in special air-tight ovens. This 
process removes the tars and gases that the 
coal contains. Many valuable chemicals are 
made from these products. 

Coke is nearly pure carbon. It is a cleaner 
fuel than even anthracite. It burns with a 
pale-blue flame that is almost smokeless. It 
is used chiefly in the process of making steel 
from iron ore, but is used to some extent also 


*Page 75, ftnt. 1. 
‘Page 7. 
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EN 
National Park Service 


Abandoned charcoal ovens near Death Valley, California. They were built by In- 

dian labor in 1870. Charcoal made in them from pine and juniper trees was used 

in reducing silver ore from the mines then in operation. Why must charcoal ovens 
and coke ovens be made air-tight? 


for home-heating. The glowing, white sub- 
stance shown in the illustration on page 102 
is freshly made coke, to be used in mak- 
ing steel. 

Wood. In colonial and other pioneer times 
wood was practically the only fuel burned. 
The settlers had to cut down the trees in 
order to clear the land for their gardens and 
farms. Much of the cut timber was “worked 
up” into fuel for the fireplaces, which served 
not only for heating the cabins, but also for 
cooking the food. Wood is still the only fuel 
burned in many rural sections and even in 
many small towns and cities. In large cities 
there is little demand for fuel wood, except 
for burning in fireplaces. The use of wood 
as a fuel in industries is limited chiefly to 
small manufactories in localities where fuel 
wood is still plentiful. 


Soft-woods, such as pine and poplar, burn 
rapidly and make hot fires. Hard-woods, 
such as oak, hickory, and maple, burn more 
slowly and hence with less intense heat. 

Gharcoal. Charcoal is made from wood in 
about the same way that coke is made from 
coal (illustration above). Vapors are driven 
out of the wood by the heat. The black 
lumps of charcoal remain. The vapors are 
made into many valuable chemical products. 

Charcoal is chiefly carbon. It burns with 
little smoke and glows hotly, with little 
flame. It should not be burned indoors, be- 
cause hot charcoal produces large quantities 
of carbon monoxide,! a deadly gas. 

Liquid fuels. The most common liquid 
fuels are gasoline, kerosene, and fuel oil. 
They are obtained by refining crude petro- 

1Monoxide (món ók'sid). 
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leum. In many areas liquid fuels are replac- 
ing coal. They are more convenient to use 
because they produce little or no smoke, re- 
quire less space for storage, and leave no ash. 
But they are more dangerous to use because 
they ignite! more readily. Moreover, gaso- 
line and kerosene are more likely to explode 
than any other common fuels except fuel 
gases. 

Gaseous fuels. The two gaseous fuels 
commonly used for heating purposes are 
natural gas and artificial gas. Natural gas is 
secured from gas wells and oil wells. It 
must be separated from its impurities before 
it can be burned as fuel. 

Coal gas is obtained by heating coal in 
retorts? that contain no air. It is also ob- 
tained from the gases given off in the manu- 
facture of coke. Other types of artificial gas 
are made by spraying water upon red-hot 
coke or anthracite. 

Gas is replacing both oil and coal as a fuel 
in many regions. It burns with a hot, bluish 
flame. In some respects it is more desir- 


able than coal or oil. It requires no storage 
in homes or factories, because it is piped 
directly from mains to the stoves and fur- 
naces. Moreover, its rate of burning can be 
controlled more effectively than that of either 
coal or oil. Also, it is a much cleaner fuel. 

In some other respects, however, fuel gas 
is less desirable than coal or fuel oil. It has 
such a low kindling temperature that it may 
explode if it is not ignited properly. Further- 
more, it is somewhat more dangerous to use 
than liquid or solid fuel because some of the 
gases that compose fuel gases are poisonous. 
For this reason, a gas that is uniquely’ foul- 
smelling, but harmless, is commonly added 
to it so that if a gas leak should occur, it 
would be discovered immediately. 

Some fuel gas is now being produced by 
partly burning coal right in the mines. In 
this process lower grades of coal are used 
than can be burned directly as fuel. 

It is possible that within a few decades 
much fuel oil, as well as gas, will be manu- 
factured from our extensive supplies of coal. 


3. How Is Heat Transferred? 


HEAT TRANSFER - Heat energy travels 
away from wherever it is produced. Every- 
where there is evidence of its transfer. It 
comes millions of miles from the sun to the 
earth. It travels from warmer parts of the 
house to colder parts. It moves from the 
bottom of a water-heater to the top. It 
passes from burning fuel through utensils. 

Books could be filled with evidence of the 
transfer of heat energy. Perhaps you have 
wondered how such transfer takes place. 


1Page 103, ftnt. 3. 

*Retort (ré tort’): a vessel in which substances 
are heated as a means of securing certain chemical 
products from them, 


There are three ways: by conduction, by 
convection, and by radiation. 

Transfer of heat by conduction. No 
doubt you have burned your hand, more 
than once, on a hot oven door or other hot 
metal object. No doubt, also, you have 
stepped bare-footed on a concrete walk that 
the sunshine had made too hot for comfort. 
If so, some of the heat passed by conduction* 
into your hand or foot. 


3Page 6, ftnt. 3. 

**Conduction (kön dük'shün): the passing of heat 
energy from molecule to molecule through a sub- 
stance, or the passage of heat from one body to an- 
other that touches it. 
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A hand pressed against a cold windowpane 
becomes cold by conduction. Explain 


See 


Whenever, at a picnic, you cover bottles 
of “pop,” or “tonic,” with crushed ice, you 
<ool them by conduction. Some of the heat 
in the “pop” is conducted through the glass 
and into the ice, which it melts. When you 
remove a hot pan from the stove to cool, 
some of the heat in it is transferred by con- 
duction from it into whatever the pan is 
placed upon (illustration above). 

These common experiences illustrate an 
important principle: PWhenever a body 
touches another that is warmer or colder 
than itself, heat always passes by conduc- 
tion from the warmer one into the colder 
one. Thus one body loses heat and becomes 
colder, while the other gains heat and be- 
comes warmer. Finally, unless something 
prevents, they both reach the same temper- 
ature, 

PA]I bodies of matter conduct heat to some 
extent, But "solids conduct heat better than 
do liquids, and liquids better than gases. 
Metals conduct heat more rapidly than any 


other substances. Hence they are the best 
heat conductors. Substances such as cloth, 
wood, plastics, and paper conduct heat 
slowly. They are therefore poor conductors, 
or good insulators,! or good non-conductors 
of heat. Wooden or plastic handles are used 
on some ovens and on cooking utensils be- 
cause both wood and plastics are good insula- 
tors. Air and other gases are the best heat 
insulators. Consequently mineral wool and 
porous cloth are good insulators because 
they are full of small *dead-air" spaces. 
Dead air is air that is not circulating. 

Transfer of heat by convection. In 
liquids. In liquids and gases heat is trans- 
ferred chiefly by convection? An experi- 
ment will make clear the nature of convec- 
tion in liquids. 

Fill a beaker about three-quarters full of 
water. Stir into it a pinch of sawdust and 
place it on a stand (illustration, p. 110). 
Hold a flame under the beaker. As the 
water near the bottom becomes warmer, it 
expands. Thus it becomes less dense?; that 
is, a cubic inch of it now weighs less than it 
did before it expanded. Hence the warmer 
water is forced upward as the colder, denser 
water settles to the bottom and displaces it*. 
As the cold water reaches the point above 
the flame, it becomes heated in its turn. It 
expands and becomes less dense. Conse- 
quently it is displaced and forced upward as 
the colder water at the top settles. Hence, 


Unsulator (in'sü lā tër). Insulate (in'sulat): to 
render non-conducting. Insulation (in sū la'shün): 
the process of insulating or the materials used in in- 
sulating. 

2*Convection (kön vék’shtin): the passing of heat 
energy in currents from one part of a liquid or a gas 


to another. 
3Dense relates to "density (dén’st tt). The density of 


any substance is the number of pounds that a cubic 


foot of it weighs. 
^Displace (dis plas’): to push something aside and 


take its place. 
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Every wind, whether it is a gentle air cur- 
rent or a hurricane, is caused by convection, 

In gases, as well as in liquids, the heated 
portions expand and become ‘less dense. 
Hence they are displaced and forced upward 
by the sinking of the colder and denser por- 
tions. A circulation always results (illustra- 
tion below). 

Ventilation. Ventilation is brought about 
by convection. Natural ventilation takes 
place when a window is opened at both top 
and bottom. The warm air in the room is 
less dense and has less pressure than the 
colder air outside. Therefore air is forced 
into the room through the bottom opening 


Convection currents above a human hand. 
*PIn convection, heat energy is always trans- 
ferred from place to place by moving bodies 
of liquids or gases. Can you give an original 

example of convection? 


Battelle Memorial Institute 


Convection. What purpose is served by 
the sawdust? 


ML ee i Mr ife 
as soon as the burner has been lighted, the 
water begins to circulate! and continues to 
do so as long as the heat is applied. 

In gases. You may have seen, on a hot 
day, the “heat waves" above the surface of 
a pavement or a sidewalk. These heat 
waves are convection currents of air. You 
may also have seen similar convection cur- 
rents above hot radiators. Of course you 
cannot sce the air itself, but you note the 
currents because they constantly change the 
appearances of objects that are seen through 
them. 

"Circulate (sür'kü lāt): to travel around a course and 
back to the starting point. *Circulation (sûr kū la’shtin): 


the act of circulating. 
?Page 48, col. 1; ftnt. 1. 


The paint is baked on the automobile as it passes through a 60-foot tunnel 


i 
Automobile Manufacturers Association 


heated with nearly thirteen hundred electric lamps. The lamps supply exactly the 
right amount of radiant heat. Can you think of other practical uses of radiant heat? 


of the window and out of it through the 


opening at the top. 

In buildings in which 
people work or meet, natural ventilation 
may not supply enough fresh air. In such 
cases artificial ventilation is provided by 
electric fans, or “blowers.” These force air 
currents through the rooms. Artificial ven- 
tilation is usually a part of air-conditioning, 
which will be discussed later. 

It is commonly believed that ventilation 
is necessary to health. In practically all 
cases, however, the chief reason for venti- 
lating our homes is to cause the air to 
circulate. 

Transfer of heat by radiation. Heat 
travels by radiation’ in straight lines and in 


large numbers of 


the passing of heat 


1*Radiation (rà di a’shtin): 
such as light and 


energy and related forms of energy, 


all directions from any hot object. Unlike 
conduction and convection, radiation does 
not depend on the presence of matter. Fur- 
thermore, unlike conduction and convection, 
radiation can take place in a vacuum, and 
at great speed. In fact, radiant” heat, to- 
gether with light and all other forms of 
radiant energy, travels through the 93,000,- 
000 miles of vacuum that is between the sun 
and the earth in 8 minutes. It does not, 
however, warm the vacuum. It warms only 
the earth and other bodies of matter? that 
it strikes. It passes through substances such 
as air, glass, and water, through which 


radio waves, through space; the act or process of 
radiating. Radiate (rà diat); to move or to extend 
outward in all directions. Thus the spokes of a wheel 
radiate from the hub. 
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The cooling system of an auto- 
mobile. Does the water ever 
flow through the cooling system 
in the opposite direction from 
that shown here? Explain 


Dodge Division, Chrysler Corporation 


light will pass. But it heats such substances 
only a little. 

*PEvery hot body radiates heat in all 
directions. PThe hotter a body is, the more 
heat it radiates. The heat radiated from 
burning buildings and from flaming oil or 
gasoline is sometimes so great that firemen 
wear special suits and masks to protect 
themselves from it. 


ABSORPTION OF RADIANT HEAT 
When heat radiated from the sun strikes the 
earth, some of it is reflected. The rest is ab- 
sorbed. Much of this absorbed heat energy 
is later radiated away into space. During 
the day, however, in most localities, more 
heat is absorbed than is radiated away. 
Hence those places become warmer. But 
during the night, when those localities are 
receiving no heat from the sun, some heat 
continues to radiate from them. Hence they 
become cooler, 

PDark-colored objects absorb radiant heat 
more readily than do light-colored ones. 
You may have noticed that "old" snow 
covered with soot and dust melts faster than 
newly fallen snow. 


KEEPING AN AUTOMOBILE ENGINE 
COOL - The burning of the fuel in the cylin- 
ders of an automobile produces great quan- 
tities of heat. If most of it were not removed 
as fast as it is produced, the engine would 
soon be ruined. 

The heat is conducted through the cyl- 
inder walls to the water in the water 
jacket surrounding the cylinders (illustra- 
tion above). As the water touching the hot 
walls is heated, it expands and becomes less 
dense. Hence convection currents are started 
through the entire ‘cooling system. The hot 
water is forced by the cooler, denser water 
up through the tubes of the radiator. 

All the hot parts of the automobile radiate 
away more or less heat. But most of the heat 
is removed by the air that blows through 
the radiator openings. When an automo- 
bile is moving forward, much air is forced 
through these openings, but not enough to 
cool the water sufficiently. The fan is there- 
fore necessary. It blows air backward to- 
ward the rear of the car. Asa result, the air 
pressure behind the radiator is decreased, 
and the flow of air through its openings is 
increased. Thus the heated air is rapidly 


[112] 


x-eplaced with cooler air. This cooler air 
keeps the water ata fairly constant tempera- 
-ture well below its boiling point. 

As the water in the radiator cools, it con- 
-tracts and becomes denser. Consequently it 
settles and flows back into the water jacket. 
-The water pump hastens the flow of the con- 
~ection currents through the cooling system. 


COOLING BY RADIATION - All three 
anethods of transferring heat are involved 
in the cooling of any engine. But radiation 
is employed to a greater extent in the cooling 
of the motors of motorcycles and some air- 
planes than in the cooling of automobile en- 
gines. You may have noticed the fins that 
surrround the cylinders of such motors. 
These fins provide a great surface area, from 
which much heat radiates. 


SUMMARY - *Heat energy travels from 
warmer to colder places by conduction, con- 
vection, and radiation. Conduction takes 
place in all three states of matter, but most 
readily in solids, especially metals. It occurs 
to a slight extent in liquids, but scarcely at 
all in gases. Convection takes place readily 
in gases and liquids, but never in solids. 
Heat energy passes by radiation through 
vacuums, and to some extent through those 
few solids, liquids, and gases through which 
light also passes. 

Of the three methods of transferring heat 
energy, radiation is fastest and conduction 
slowest. Heat energy travels by radiation 
and conduction in every direction away 
from its sources. It travels by convection in 
currents that start above warm or hot 
objects. 


4. How Are the Methods of Transferring Heat Energy Applied 
in Heating Homes and Buildings and in Refrigeration? 


TOO MUCH SMOKE - Have you ever read 
The Hoosier Schoolmaster? Probably not, for 
it was a popular book in your great-grand- 
father’s time. It is the story of a one-room 
country school in Indiana. For a prank, one 
day, boys climbed to the roof of the school- 
house and covered the chimney opening 
with a board. The smoke from the stove 
could then escape only into the school-room. 
Consequently the pupils, coughing and with 
smarting eyes, soon tumbled out of the 
school-house, followed somewhat more dig- 
nifiedly by the school-master. 


FUNCTIONS OF CHIMNEYS - *If you live 
in a city apartment, you may not have dis- 
covered that the heating plant in your build- 
ing has a chimney. Buta chimney is a neces- 


sary part of every heating system in which 
fuel is burned. Its chief function, however, 
is not to remove the smoke, as the incident 
just told would seem to indicate. Instead it 
is to make the fuel burn faster. This it does 
by increasing the flow of air into the fire. 

When the fire is lighted, the column of air 
in the chimney becomes heated. It expands 
and becomes less dense. Some of the air 
overflows out of the top of the chimney. As 
a result, the pressure of the column of air 
inside the chimney becomes less than that 
of the air around the fire. Hence convection 
currents start up the chimney. More oxygen 
is thus brought to the fire, and the combus- 
tion is increased." 


iPage 123, “Applying Your Knowledge,” No. 4. 
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z STOVES - Stoves, or heaters, are the chief 
means of home-heating in rural sections, in 
camps, and in tourist courts. Various types 
are available for use with different fuels (il- 
lustration, left). 


CENTRAL-HEATING SYSTEMS - Most city 
homes and buildings are heated with hot-air 
furnaces, hot-water systems, or steam-heat- 
ing systems. 

*The part of any furnace in which the 
fuel is burned is essentially like a stove. Un- 
like a stove, however, a furnace is equipped 
with a heat-distributing system. This dis- 
tributes the hot air, hot water, or steam to 
the various rooms. With any type of furnace 
or stove much, and often most, of the heat 
from the burning fuel passes up the chim- 
ney. 

Hot-air systems. In a hot-air furnace, 


heat from the burning fuel passes by con- 
ICLI NE ree 


A hot-air furnace is essentially the same as a 
stove and operates in the same way except that 


the warm air is conveyed through pipes to the 

Diagram of an oil-burning heating stove. It different rooms. Why are hot-air furnaces in- 

heats the room chiefly by convection from its stalled in basements instead of in attics? 

hot top and sides, but also to a considerable ~ ; | 
extent by radiation. Explain 


Closing the chimney of the Hoosier school- 
house shut off the draft. Hence the fire 
could burn only slowly without flame, but 
with much smoke. Soon, with the chimney 
closed, the fire would have “gone out.” 

*Chimneys have a third important func- 
tion besides providing a strong draft into 
the burning fuel and removing the smoke. 
This function is to remove the gases that 
result from combustion. Some gases (chiefly 
carbon monoxide!) given off by burning 
coal and oil are deadly to breathe. 
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Cold-air 
duct 
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| Oil tank 4 


From 
water main 


A hot-water heating system. Why is the expansion tank needed? 


Can you explain how steam can flow to the radiators and the hot water from 
the condensing steam flow from them back through the same pipes? 


on adi 
From /^ 
| water main 


"adi 


duction through the walls of the fire-box 
(illustration, p. 114). The hot walls heat the 
air that touches them. As this air becomes 
heated, it expands and becomes less dense.! 
The colder, denser air flows through ducts, 
or pipes, leading from the floors of rooms or 
from outside into the air jacket that sur- 
rounds the fire-box. It forces the warmed 
air upward. Thus it starts a circulation of 
warm air through ducts that lead to the var- 
ious rooms in the house.’ 

Hot-water systems. In a hot-water sys- 
tem a water jacket instead of an air space 
surrounds the fire-box (illustration, p. 115). 
Pipes lead from the water jacket to radiators 
in various parts of the house. As the water 
is heated, convection begins and continues, 
causing a circulation of hot water through 
the radiators. The radiators become hot 
and heat the rooms. The cooler water flows 
back to the water jacket, where it again is 
heated. ‘Thus the convection cycle? con- 
tinues. 

Hot-air and hot-water furnaces are usually 
installed in basements, so that they will 
transfer their heat to the rooms above by 
convection. But a hot-air system can be 
installed on the first floor if a "blower," or 
fan, is included to circulate the heated air. 
Similarly, a hot-water system can operate 
effectively from the first floor if it is equipped 
with a pump to force the hot water through 
the pipes and radiators. 

Steam-heating systems. When enough 


steam pressure has been built up in the. 


boiler of a steam-heating system, steam 
passes through the pipes into the radiators 
(illustration, p. 115). There it condenses. 


iPage 109, ftnt. 3. 
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V*Oycle (s'k': a series of processes, stages, or 
changes that take place one after the other and are 
repeated again and again in the same order. Thus 
the four seasons make up a cycle. 


As it changes from the gaseous state to the 
liquid state, it gives up large quantities of 
heat to the radiators. Also, as the water 
cools, it gives up additional heat to them. 
The cooled water flows back to the boiler, 
where it is again changed to steam. 

Safety valves are located in various parts 
of the system. These release steam if its 
pressure should become dangerously high. 

In both the hot-water and the steam-heat- 
ing systems just described the radiators be- 
come hot by conduction. Then convection 
currents are set up in the air that touches 
the tops and sides of the hot radiators. 
Therefore the radiators heat the rooms 
chiefly by convection. But, of course, they 
give off radiant heat also. 


COMPARING THE THREE METHODS OF 
HEATING - *Any one of the three types of 
heating systems is satisfactory for use in most 
situations. But which one is best for any 
particular home or building can be deter- 
mined only when all the conditions that it 
must meet are considered. 

The hot-air system costs least to install, 
and the hot-water system most. But the 
hot-air system requires the most space. 
Moreover, it is the dirtiest because its strong 
air currents blow more or less dust into and 
about the rooms. 

The hot-water system maintains the even- 
est room temperatures, and the hot-air sys- 
tem the unevenest. Considerable time is re- 
quired for water in the hot-water radiators 
to become hot. But the water cools slowly. 
It continues to give off heat, and thus pre- 
vents the rooms from cooling quickly, after 
the furnace is "shut off.” 

The steam-heating system has the highest 
heating efficiency in cold weather, and the 
hot-air system least. This statement means 
that the former makes the most heat avail- 
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able for the quantity of fuel burned, and 
the latter the least. 


IMPROVED HOT-WATER AND STEAM- 
HEATING SYSTEMS -In many recently in- 
stalled hot-water and steam-heating systems, 
there are no radiators. Their place is taken 
by systems of pipes built into the floors or 
walls or placed inside the base-boards. 
Much greater heating surface is thus pro- 
vided. Also, the heat is better distributed. 
As a result, temperatures in all parts of a 
room can be kept more nearly uniform. 
The flow of hot water or steam into the 
pipes is controlled by valves. 


OTHER MODERN HEATING SYSTEMS - 
The heat pump. It is generally true that 
the soil and rock of the earth’s crust is 
warmer, the farther it is below the surface. 
One type of modern heating system is de- 
signed to take advantage of this fact. In it 
the earth’s heat is used instead of heat from 
burning fuel. 

A system of pipes is extended deep into the 
earth. A liquid that has a low boiling tem- 
perature! is pumped continuously through 
a pipe to the warmer rocks below. There it 
is evaporated by the heat. The resulting 
gas is forced up through a return pipe into 
the house. Here it is compressed enough to 
condense it into a liquid. As it condenses, 
it gives up heat. The heat thus released 
warms the shouseqselne euania gs then 
pumped below again to begin another cycle. 

This system is effective chiefly in localities 
where the winters are mild. Even in such 
localities it is not yet extensively used, 
chiefly because of the great cost of sinking 
the pipes into the earth. The cost of the 
electricity for operating the pumps is also 
an important expense factor. 


1Ammonia is commonly used. 
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The warm-air fireplace. Heat is trans- 
ferred by an ordinary fireplace to a room al- 
most entirely by radiation. Practically none 
passes out into the room by conduction, and 
none by convection. Strong convection cur- 
rents are caused, of course, by the fire. But 
these bring about the movement of air from 
all parts of the room toward the fire. Hence 
a fireplace warms a room unevenly and also 
is wasteful of heat. The warm-air fireplace, 
however, heats the room by convection, as 
well as by radiation (illustration below). 

The warm-air fireplace is surrounded by 
a tight steel box. This box serves as an 
air jacket whose only openings are the four 
into the room. The walls of this box con- 
duct part of the heat from the burning fuel 
to the air in the jacket. As this air is 


A warm-air fireplace is a combination of an 
ordinary fireplace and a simple hot-air furnace. 
Can you name some advantages of the warm- 

air fireplace over the ordinary fireplace? 


warmed, convection currents result. The 
warm air is forced out into the room through 
the upper openings as the cold air moves 
into the air jacket through openings at the 
bottom. 

The Solar heater. In most of the South- 
ern states and in a few of the Northern states, 
the rays of the sun are used for heating some 
homes. A system of pipes containing water 
is built into the roof of a home. The rays 
of the sun heat the water in the pipes. The 
warm water is then pumped downward 
through a pipe to radiators, which heat the 
rooms. The water that has cooled in the 
radiators is pumped back to the pipes in 
the roof. There it is again heated by the 
rays of the sun. Thus the cycle continues. 

The water in the pipes remains warm 
enough through the night to keep the rooms 
from cooling greatly. 

Radiant heating systems. Everybody 
knows that when the sun shines through the 
windows of a closed car, the car becomes 
warmer, sometimes uncomfortably so. The 
reason why it does is that light and heat 
from the sun pass through ordinary window 
glass with little loss. Not much of this light 
and heat serve to make the glass warmer.! 
Most of it, therefore, is absorbed by objects 
inside the car. Consequently these objects 
become warmer. Part of the heat that they 
thus receive is conducted away from them, 
part is radiated away, and part is carried 
away by convection. But the convection 
currents are stopped by the glass. So also 
is practically all the radiant heat from inside 
the car. Why? If radiant heat from the sun 
can pass through the glass into the car, why 
cannot the radiant heat from inside the car 
pass out through the same glass? For these 
reasons: 

The radiant energy from the sun is in the 
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form of waves. The heat waves? from ex- 
tremely hot bodies are short and penetrating. 
But those that radiate from bodies that are 
merely warm are long and less penetrating. 
The short heat waves and the light waves 
can pass through glass, but the long heat 
waves cannot. The light waves that enter 
are mostly absorbed by the objects that they 
strike and are changed chiefly to heat. 
Therefore most of the sun's heat and light 
that enter a car or a house through its 
windows are trapped as heat inside. 

'The facts just stated are applied in new 
methods of house-heating. In one the walls 
are constructed of glass bricks. These trap 
enough sunshine to reduce the house-heating 
costs greatly. In another method concrete 
floors are built where the sun's rays that 
pass through the windows will fall upon 
them. The radiant energy of the sun is then 
changed to heat energy, which is absorbed 
by the concrete. The concrete then serves 
as a radiator. Still other ways of using the 
sun's radiant energy for heating houses and 
other buildings are being investigated (il- 
lustration, p. 122). 

Scientists believe that if these ways can 
be brought into practical use, the coun- 
try's heating bills can be reduced by half. 


REFRIGERATION - The process of refriger- 
ation? is the opposite of that of heating. In 
heating, heat energy is added to solids, 
liquids, or gases. In refrigeration it is re- 
moved from them. 

Ice refrigerators are still in common use. 
Electric and gas refrigerators, however, are 
rapidly replacing them both because of their 


*Heat waves are infra-red (in fra réd’) rays. Infra 
means “below.” Thus infra-red means “below the 
red,” or, in this case, “longer than any light waves. 

Refrigeration (rē fríj čr a’shtin): the process © 
keeping foods from spoiling by chilling them and 
keeping them cold. 
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Freezing 
compartment 


Cooling 
unit 


Compressor 


Condenser 


zug. 


An electric refrigerator. 


Can you fill the blanks in the following sentences? 
cooling unit cools the air that touches it. This air contracts and becomes --?-- 


dense. The cold air settles, causing eer 


Cold, low- 


pressure gas 


Liquid 


Hot, high- 
pressure gas 


—High-pressure 
gas — 


The 
5 


. currents to circulate as the arrows indi- 


cate. The insulating material in the walls reduces the loss of heat by --?-- 


much greater convenience and because of 
their far greater efficiency. 

Of course electric, gas, and ice refrigera- 
tors differ greatly in construction because 
of the differences in their methods of produc- 
ing the desired low temperatures. Yet every 
type of household refrigerator has either ice 
or a freezing unit at the top of its cooling 
compartment. Furthermore, all are alike 
in the way that they cool the food. 

In every refrigerator the cold air is cir- 
culated throughout the food compartment 
by convection (illustration above). Thus, 
when the air inside a refrigerator touches 
the ice or the freezing unit, heat passes from 
it into the colder body. The cooled air con- 
tracts and becomes more dense. Immedi- 
ately, therefore, it begins to settle to the 


bottom of the refrigerator. It displaces the 
warmer air, forcing it upward. Thus con- 
vection currents are started. 

As the chilled air comes in contact with 
the food, heat passes from the food into it. 
Thus the food becomes colder, and the air 
that touches it becomes warmer. When, 
later, this warmer air comes in contact with 
the ice or the freezing unit, heat is again ab- 
sorbed from it. Thus the cycle! continues. 

The walls of refrigerators are filled with 
insulation. This material almost completely 
prevents heat from being conducted into the 
refrigerator from the warmer air outside. 

Dry Ice. Dry Ice? is about 80° C colder 
than ordinary ice. Also, a pound of it occu- 
pies only about one half as much space as a 
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pound of ordinary ice. Furthermore, it 
leaves no liquid, because it does not melt. 
Instead it passes from the solid state directly 
into the gaseous state. 

In spite of these three advantages, no 
home refrigerator has yet been invented in 
which the cooling is accomplished with Dry 
Ice. Nevertheless, Dry Ice has some impor- 
tant, though limited, uses for refrigeration. 
It is used chiefly for packing around con- 
tainers of ice cream that must be delivered 
under conditions unsuited to the use of ice. 
It is also sometimes used for keeping meats, 


vegetables, and fruits at much lower temper- 
atures than would be possible with ordinary 
refrigeration. 

*Dry Ice should be handled with gloves 
or with tongs. It is so cold that it can bea 
source of real danger. People have suffered 
painful frost-bites from holding Dry Ice in 
their bare hands for only a short time. Chil- 
dren are sometimes tempted to put it into 
their mouths. In one case a boy froze his 
gums so severely that some of his teeth had 
to be extracted. Dry Ice put into the 
mouth could cause death. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 102-105. 1. State three 
conditions that are necessary before com- 
bustion can take place. 

2. The temperature to which a com- 
bustible substance must be heated before it 
will begin to burn is called its __?__. 

3. It is usually difficult to ignite a fuel 
unless it can be heated to its kindling point. 

4. Most fuels contain carbon or com- 
poundsiof ccs ecand PESE 

5. Two substances that are always pro- 


duced whenever fuel burns are __?__ and 
OL 
Pages 106-108. 6. Most fuels must 


either be in the gaseous form or be changed 
by heat to the gaseous form before they will 
burn. 


7. Which of the following substances is 
not or are not combustibles? (1) Coal; 
(2) carbon dioxide; (3) tar; (4) paper; 
(5) wood; (6) fuel gas; (7) ashes; (8) coke; 
(9) lignite; (10) peat; (11) water vapor. 

8. The world’s most valuable fuel is 

? 


9. The most generally useful grade of 
coal is peat. 


10. The common fuel that is most nearly 
pure carbon is anthracite. 

11. The one of the following fuels that is 
most likely to be used less and less is (1) oil; 
(2) gasoline; (3) coke; (4) wood; (5) 
bituminous coal. 

Pages 108-113. 12. Heat travels by 
convection from a warm body directly to a 
colder one if the bodies touch each other. 

13. The one of the three methods of 
heat transfer that does not take place in or 
from solid bodies is __?__. 

14. Heat energy travels always from 
warmer to colder bodies. 

15. Of the following, the poorest heat 
conductor, and therefore the best heat in- 
sulator, is (1) water; (2) wood; (3) glass; 
(4) air; (5) iron; (6) gasoline. 

16. The only method of heat transfer 
that can take place where there is no matter 
is ue ae 

17. An automobile engine is cooled chiefly 
by convection, but the engines of motor- 
cycles and some airplanes are cooled chiefly 
byoseP 

18. Ventilation is brought about by radi- 
ation. 
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Pages 113-120. 19. State three pur- 
poses that are served by chimneys. 


20. The type of heating system that a 
stove most closely resembles is the __? 


21. The type of heating system that fur- 
xaishes heat most quickly is a hot-water 
system. 


22. The type of heating system that 
xnaintains the evenest temperature is the 
Aot-water system. 

23. Which types of heating systems make 
use of all three methods of transferring heat 
energy, namely, radiation, conduction, and 
convection? 

24. The warm-air fireplace has the ad- 
vantage over the ordinary fireplace of 
heating a room by conduction, as well as by 
zadiation. 

25. In what types of heating systems is 
the sun's heat used in place of fuel? 

26. In which of the types of heating sys- 
tems referred to in No. 25 is the sun's heat 
made to heat water, which is then used to 
heat the house? 

27. A new type of heating system that 
makes use of the earth’s heat in place of 
fuel is the _-?--. 

28. In all types of refrigerators all three 
methods of transferring heat are involved, 
but the air is caused to circulate by con- 
duction. 


SCIENTIFIC PRINCIPLES - 1. "A combus- 
tible substance will burn only if oxygen is 
present and if the substance is heated to 
its kindling point. 

2. PWhenever a fuel burns, the energy 
stored in the fuel is changed to heat energy 
and also, usually, to light energy. 

3. "All combustibles must be changed to 
a vapor before they will ignite. 


What is wrong here? 


4.PWhenever a body touches another 
that is warmer or colder than itself, heat 
always passes by conduction from the 
warmer one into the colder one. 

5. Solids conduct heat better than do 
liquids, and liquids better than gases. 

6. PIn convection the warmer liquid or 
gas is forced upward as the colder liquid or 
gas settles to the bottom and displaces it. 

7. PEvery hot body radiates heat in all 
directions. 

8. PThe hotter a body is, the more heat 
it radiates. 

9. PWhen radiant heat strikes an object, 
some of it is reflected, some is absorbed, and 
some may be transmitted. 

10. PDark-colored objects absorb radiant 
heat more readily than do light-colored ones. 


SCIENTIFIC TERMS 


*conduction “density ^ [radiant energy 
*convection insulator "radiation 
*cycle refrigeration 
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Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
A man who was building a new home was 
intending to install a hot-air furnace. The 
heating contractor suggested that he install 
a hot-water system instead because it was 
more suitable to the sort of house planned. 

“I think Pd prefer a hot-air furnace,” 
said the man, * because I know more about 
one. We've had a hot-air furnace in every 
house we've ever lived in." 

Which of the scientific attitudes did this 
man lack? 


CONSUMER SCIENCE : 1. Try to discover 
the ways in which heat in your house is lost 


through conduction and convection. Make 
suggestions for reducing such losses. 

2. Recently there was a newspaper ac- 
count of a woman who tried to clean some 
oil-soaked overalls in a washing machine 
with gasoline instead of water. The gasoline 
exploded and destroyed the woman’s home, 
What facts about cleaning clothing did she 
consider? What facts did she fail to con- 
sider?! 


APPLYING YOUR KNOWLEDGE OF 
SCIENCE : 1. Why should tourists be warned 


!Page 66, col. 2. 


This house, in Dover, Massachusetts, is heated by the sun's radiant energy. What 


appear to be windows on the second floor are heat-collectors. These absorb heat, 
which is used to melt salt. When later the salt changes to a solid, it gives up the 
same amount of heat that caused it to melt. By which of the three methods of 
heating do you think the rooms are then heated? 


Dr. M. Telkes, Massachusetts Institute of Technology 
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of the possible dangers of sleeping without 
sufficient ventilation in cabins or motels 
that have unvented gas heaters (those with- 
out chimneys)? 

2. How does raising only the lower sash 
of a window change the air without cooling 
the room rapidly? 

3. Can you think of a situation in which 
ventilation would make a room warmer in- 
stead of cooler? one in which the air would 
come in through the top of the window and 
pass out at the bottom? 

4. Can you explain why, in general, 
chimneys "draw" better (provide better 
draft) when the wind is blowing? (They 
operate like an atomizer or a paint gun 
(p. 42).) 

5. Why are factory chimneys made 
tall? Why can a smoky stove or fireplace 
often be made not to smoke by building the 
chimney higher? 

6. Why should cold water not be poured 
into an automobile radiator that is over- 
heated? 

7. After coal has been added, why 
should the fire be allowed to burn freely 
for a few minutes before the draft is closed? 

8. Why should gasoline, kerosene, or 
fuel oil not be used to kindle a fire? 

9. Why does the grate of a stove or fur- 
nace have many openings? 

10. Pipeless furnaces are used instead of 
hot-air systems in many homes. A pipeless 
furnace supplies warm air, not through ducts 
to several rooms, but through a single open- 
ing in the floor of a central room. What 
advantages and what disadvantages do you 
think that a pipeless furnace would have 
when compared with a hot-air system? 
Check your answer by consulting a physics 
text. 


TOPIC FOR INDIVIDUAL STUDY - The 
most valuable form of carbon is the dia- 
mond. Jet, another gem material, is a coal- 


like substance. Consult an encyclopedia, 
under the topic “Carbon.” Find how dia- 
monds and jet are formed and where they 
are found. 


EXPERIMENTS 1. Does dark-colored 
water become more or less warm in the 
sunshine than water without color? Fill 
two beakers of the same size with water. 
To one add enough ink to make it dark in 
color. Check with a thermometer to make 
certain that the water in both is at the same 
temperature. Place both in sunlight for 
about one hour. Then check their tem- 
peratures. What do you observe? Answer 
the question at the beginning of the experi- 
ment. Can you think of any other simple 
experiments that might provide evidence 
as to whether the color of an object affects 
the amount of sunshine that it absorbs? 

In this experiment color is the experimen- 
tal factor, and the uncolored water is the 
controli Explain. 

2. When a candle burns, does the wax 
itself burn, or does a gas from it burn? Let 
the candle burn for about a half minute; 
then blow the flame out. Immediately hold a 
lighted match about 1 inch above the top of 
the wick. What happens? Repeat the 
experiment several times. Do the results 
answer the question at the beginning of the 
experiment? Which of the elements of 
scientific method is illustrated by repeating 
the experiment? 


PROJECT - To make a display of solid 
and liquid fuels. Collect samples of as 
many different solid and liquid fuels as you 
can. Fasten the samples of the solid fuels 
with glue to 3-inch X 5-inch cards. Put 
the liquid fuels into tightly sealed test tubes. 
Attach the samples to a large sheet of white 
cardboard. Under each sample attach a small 
slip on which is printed the name of the fuel. 
Display the project in your classroom. 


1Page 534. 
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FURTHER CONTROL OF HEAT 


1. How Is Damage from Fire Reduced? 


DESTRUCTION BY FIRE - Practically every 
issue of a metropolitan newspaper contains 
at least one account of a fire. Most of such 
news items tell of the destruction of homes 
and buildings. But the burning of such 
structures is only one aspect of destruction 
by fire. Ships frequently burn at sea, often 
with loss of life. Oil wells sometimes catch 
fire, and the flames roar out of control for 


days. The coal in a mine occasionally be- 
comes ignited and continues to burn slowly, 
but dangerously, for many years. Forest 
fires reduce thousands of acres of fine forest 
land to desolate waste every year. 

How to reduce waste and loss by fire is 
one of the most difficult and important 
problems today. Science has made and is 
making great progress toward solving it. 


Science marches on. The latest and best model of fire engine half a century ago. 


Topic for Individual Study: 


a 


The fire-boat (illustration, p. 70) 


BUILDING CONSTRUCTION AND FIRE 
ZISK - Most houses are built of wood. There- 
ore, if they catch fire, they are likely to be 
badly damaged, if not completely destroyed. 
‘Large buildings, however, are now con- 
structed in part or entirely of non-combusti- 
le materials. In them steel is used for 
beams and supports, cement and tile for 
floors, and stucco and other kinds of plaster 
€or walls. Concrete, bricks, concrete bricks, 
<ut stone, and glass bricks are used for outer 
"walls. 

Many older buildings have only outer 
—walls that are made of fire-proof materials. 
-Their inside construction consists of wood 

and other combustibles. Therefore fires that 
get started in them are likely to sweep 
through and gut them. In such cases, only 
the walls remain. 

Construction that reduces convection. 
Fires often sweep through buildings quickly 
because convection is not impeded. Shafts, 
stairways, and spaces within walls serve as 
chimneys. Fires start convection currents 
in these vertical spaces, and the flames are 
carried upward by the rising air currents. 

In modern building construction, therefore, 
only shafts that are essential are included. 
Stairways are provided at each floor with 
fire-proof doors. When these doors are 
closed, the stairs are completely blocked off 
from the rest of the building. The wall 
spaces are filled with fire-proof insulation. 
Hall-ways are built at angles, so that the 
sweep of air through them is impeded. Thus 
less oxygen is supplied to the fire. 

*The methods of reducing fire damage 
just discussed might seem to indicate that 
fires are spread only by convection. Such is 
not the case. Firemen often direct streams 
of water against the walls of buildings near 
those that are burning, to prevent their 

impede (im ped’): to hinder, hamper, or obstruct. 


igniting from the radiated heat. Also, 
enough heat is often conducted through iron 
beams and pipes to ignite materials that the 
flames have not yet reached. 


FIGHTING FIRES IN THE HOME - “In every 
home there are combustible substances, such 
as paper, wood, and grease. These and 
many other inflammable substances are pos- 
sible fire hazards.? They can become ignited 
in an astonishing variety of ways. 

*The best means of reducing danger and 
losses from fires is, of course, practicing all 
possible methods of fire prevention (illustra- 
tions, pp. 126 and 127). But it pays to be 
ready to extinguish small fires quickly. 
The chances of success in putting out a fire 
are best during the first minute or so after 
it starts (illustration, p. 128). 

*All methods of fighting fires accomplish 
their results in one or both of these ways: 
They cool the burning substance below its 
kindling temperature? They smother the 
flames by spreading an incombustible liquid 
or gas over the burning materials and by 
thus keeping the oxygen of the air away 
from them. 

With water. Water is the substance 
most commonly used in fighting fires, espe- 
cially big ones. It puts out fires chiefly by 
cooling the burning materials below their 
kindling temperatures, though also, to some 
extent, by smothering the flames. 

With chemical extinguishers. There 
are several common types of fire-extin- 
guishers for use in homes and buildings 
(illustration, p. 134). They discharge or re- 
lease chemicals that function in the two ways 
stated above. Most of them smother fires, 
to a large extent or wholly, with carbon di- 
oxide or carbon tetrachloride. 


?Hazard (h&z/érd): a source of danger or risk. 
3Pagc 104. 
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Preventing fires. A, have chimneys and smoke pipes cleaned once a year and throw a handful of 
salt on burning coal once a day to reduce danger of soot. B, put ashes from the furnace into metal 
drums. C, keep oily cleaning cloths and paint rags in metal cans that can be tightly covered, 
D, keep matches out of reach of small children 


& 


a 
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® 
_E, do not let children play with fire. F, keep attics and basements free from piles of papers and 
ear ; : ; : 
$ combustible trash. G, disconnect electric appliances when you leave them. H, a barn in which 
there is hay should not be used as a garage 
| 
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FIRE-PROOF PAINT - Fire-proof paint, 
made from coal, is a recent aid in reducing 
fire losses. When this paint becomes hot, 
it puffs up. Thus it forms gas-filled bubbles 
between the paint and the wood surfaces 
that it covers. These bubbles serve as heat 
insulators. Hence they prevent the wood 
from reaching its kindling temperature. 


After the fire has been extinguished, the 
paint can be scraped off. The material be- 
neath remains undamaged. 

This paint is useful for fire protection and 
prevention not only in houses and other 
buildings, but also in airplanes. It protects 


paper, cloth, and metal effectively, as well * 


as wood. | 
"ER 


| 


r 


*4, if you discover that your house is on fire, call the fire department at once. 
B, if you cannot telephone the fire department, turn in an alarm at once at the 


nearest fire-alarm box. (Do you know where it is?) C, if-the fire is gaining, do not 
stop to fight it. Leave the house at once. Close the doors behind you. (Why?) 
D, keep the home fire-extinguishers in first-class working order and learn how to 


use them effectively. Directions either will be printed on them or will be furnished 
when they are bought. (See also page 133, Nos. 2 and 3.) 
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Three types of insulated dwellings. Can you explain why ice, snow, and soil are 
good heat insulators? Which of the modern houses is not well insulated? 


l ——— 


2. How Are Temperatures Controlled with Insulation? 


THE SAME MEANS FOR OPPOSITE PUR- people came, in time, to realize that when 
POSES - Probably man’s first insulated it was cold outside the caves, it was warmer 


dwellings were natural caves. Doubtless the inside them, and vice versa. 
ancient folk who used the caves chose them Modern science has developed insulation 


for homes only because they provided safety to a high degree. But the best modern in- 
and shelter. But perhaps even those early 1Page 43, ftnt. 1. 
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sulation merely accomplishes better what 
the thick rock walls of the ancient cave 
dwellings accomplished. Insulation now, 
as then, serves two opposite purposes: it 
keeps much heat out of our houses and 
buildings in summer and keeps it in them in 
winter (illustration, p. 129). 


HEAT INSULATION - *In most cases heat 
insulation is brought about by reducing heat 
conduction or by making convection impos- 
sible or by doing both. Conduction is re- 
duced by substituting a poor conductor for 
a better one. Convection is eliminated by 
“breaking up" large air spaces into minute 
ones of dead air. Dead air is air that is not 
circulating. 

In buildings. For greater comfort both 
in cold winters and in warm summers, 
houses and other buildings are built with 
double walls. The air spaces between the 
inner and outer walls, and also those be- 
tween the roof and the eaves, are commonly 
filled with non-combustible materials. These 
materials include rock wool, glass wool, 
ground cork, and asbestos fibers. Also, a 
thick layer of such material is laid under 
the floors of finished attics or between the 
rafters of unfinished ones. The material 
forms a loose mass of fibers among which are 
innumerable! dead-air spaces. The insulat- 
ing material is itself a good non-conductor 
of heat. The small air spaces, however, are 
much better ones. 

In building construction, too, wherever 
possible, various types of insulating board 
are used. Each type consists of an incom- 
bustible material full of minute air spaces. 
Thus insulating board accomplishes the 
same purposes as the wall insulation. 

Storm windows provide considerable heat 


Page 50, ftnt. 1. 


insulation. A storm window is an extra 
window put on inside or outside the regular 
one. Between the panes is non-conducting 
air. But itis not completely dead air. Some 
convection takes place between the panes of 
the two windows. 

Recently two panes of glass, with a thin 
layer of air between, have been made in one 
piece. This glass provides as effective insula- 
tion as would about 8 inches of ordinary 
wall. 

Heat radiation is also being taken into 
account to an increasing extent in insulating 
modern buildings. Aluminum sheets are 
nailed between the walls. These reflect 
radiant heat back in the direction from 
which it came. 

In common appliances and machines. 
'The use of insulating materials in refrigera- 
tor walls to reduce the conduction of heat 
into the refrigerators has already been men- 
tioned.? Their use as coverings for the pipes 
of heating systems and for hot-water tanks 
is likewise common. No doubt you can 
name other, similar uses. 

Automobiles are insulated chiefly by cov- 
ering the floors with mats of loose fiber. 
Some additional insulation is secured by 
spraying the interiors and the under-parts 
with a non-conducting, asphalt-like cover- 
ing. In the more expensive cars, still further 
insulation is achieved by placing pads of 
non-conducting material between the metal 
bodies and the upholstery. 

In clothing. Involving conduction and con- 
vection. The native inhabitants of Alaska 
learned, many centuries ago, how to keep 
warm in bitter cold. They accomplished 
this by wearing a loose garment of animal 
skin, with the fur next their bodies. No 
doubt theirs was a chance discovery, as 5° 


?Page 119, col. 2. 
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3nany scientific discoveries have been. The 
Joose garments and the fur provided dead- 
air spaces. Thus the conduction of heat from 
their bodies was slowed enough so that they 
could carry on their necessary activities in 
the coldest weather. 

Similarly, our winter clothing keeps us 
warm most effectively if it is made to contain 
as many dead-air spaces as possible. Cloth 
woven from wool contains innumerable tiny 
spaces that “trap the air." In this respect 
it is superior to fabrics made from cotton, 
nylon, rayon, linen, or silk. Hence our outer 
garments for winter wear are made chiefly 
of wool. Wool for outer garments is superior 


to most other materials in another important 
respect. It prevents the chilling of the body 
that results from the evaporation of moisture 
from the skin. 

Newly invented fabrics give promise of 
being better even than wool for outer gar- 
ments in cold climates. One is made of 
layers of chicken feathers and cotton fibers 
pressed together. 

Clothing-manufacturers make winter coats 
of cloth and other fabrics warmer" by lin- 
ing them with fur. Such garments are an 
application of the discovery made by the 
primitive Alaskan natives long ago. 

The qualities that make wool an excellent 


In what ways are these Arabs protected against the desert heat? 


Armco Steel Corporation 


material for winter clothing make it unsuit- 
able for warm-weather wear. Silk, nylon, 
orlon, rayon, linen, and cotton are better. 
Garments made of these materials permit 
better ventilation of the skin. Thus they 
allow cooler air to be substituted for the 
warmer air next the flesh. Also, they permit 
further cooling by providing faster evapora- 
tion of perspiration. They possess one fur- 
ther advantage over wool: certain rays in 
sunshine, which are necessary to health, 
pass more or less readily through them. 
Involving radiation and conduction. A newly 
invented cloth seems likely to prove an ex- 


cellent all-weather fabric. It has powdered 
aluminum sprayed on the fibers from which 
it is woven. The metal covering is then 
“locked on” by heat and pressure. In winter 
such cloth greatly reduces the loss of body 
heat by radiation. When the heat energy is 
radiated from the flesh, it strikes the metal 
surfaces and is reflected back to the body. 
The flesh absorbs some of it again. 

In summer this cloth keeps the body 
cooler by reflecting some of the sun's radiant 
heat. Thus it reduces the amount of heat 
energy that is conducted through the cloth 
to the body (illustration, p. 131). 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 124-128. 1. Providing 
stairways with fire-proof doors, eliminating 
vertical shafts wherever possible, avoiding 
long, straight halls, and filling wall spaces 
with insulation are all ways of reducing 
the spread of fires by reducing radiation. 


2.Fires destroy buildings chiefly by 
convection, but they spread by conduction, 
though not by radiation. 


3. State five common causes of home 
fires. 


4. State five practical ways of preventing 
fires in the home. 


5. State six sensible things to do and six 
things not to do if you should find your 
home on fire. 

6. Fires can be extinguished by cooling 
the burning substances below their ..?.. 
and by preventing -_?__ from reaching the 
fuel. 


7. Chemical fire-extinguishers commonly 
extinguish fires with __?__ or ..?... 


8. Fire-proof paint prevents fires by 
preventing radiation. 


Pages 129-132. 9. In summer insula- 
tion keeps much heat inside our homes, and 
in winter it keeps ou! much of it. 

10. Practically all insulation used in 
buildings is successful to the extent that it 
reduces radiation and conduction. 


11. Practically all insulating materials 
used in buildings accomplish their purpose 
with dead-air spaces. 

12. Summer clothing is cool if it allows 
convection currents to pass readily through 
it, and if it also increases the amount of 
moisture that remains on the skin. 

13. One’s body loses heat by conduction, 
radiation, and convection. 


SCIENTIFIC PRINCIPLES - 1. "Heat travels 
from warmer to colder bodies by radiation, 
convection, and conduction. 

2."Heat tends to pass from warmer 
areas or bodies to colder ones until the 
temperatures of both have become equal. 


SCIENTIFIC TERMS 


concentrated extinguish insulation 
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The relative percentages of fires from known causes in homes and buildings dur- 
What do you think would be some of the causes here indi- 
cated as "Other fires” and “Miscellaneous”? 


ing ten recent years. 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK : 
Can you suggest one or more hypotheses" 
to explain why people have commonly 
worn furs with the hair outside? 


APPLYING YOUR KNOWLEDGE OF 
SCIENCE - 1. Which of the two ways of 
putting out fires* is illustrated by pouring 
sand on flaming materials? by covering à 
blaze with a blanket? by putting a cover 
over a blazing pan of grease? 

2. If you are in a burning building, do 
not open a closed door until you have first 
taken time to feel the door handle. Why? 


!Page 44, ftnt. 2. 2Page 125, col. 2. 


If the building is full of smoke, tie a wet 
towel over your nose and mouth. Why? 
If you cannot secure a wet towel, you can, 
by crawling on your hands and knees, find 
smoke-free air to breathe just above the 
floor. Explain. 

3. Whenever you stay over-night in a 
hotel, why should you locate the fire escape 
nearest your room before you go to bed? 


WHY NOT BECOME A SCIENTIST? - What 
are some of the fire hazards in your home? 
Study every room in your home to find 
what fire hazards, if any, it contains. Make 
a plan for reducing these fire hazards. 
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Three common types of fire-extinguishers. The 
first smothers a fire chiefly with carbon diox- 
ide, and the other two with carbon tetrachlo- 
ride! only. Consumer Science: Suggest that a 
small committee be elected by your class to in- 
terview your local fire chief in order to find out 
how different types of fire-extinguishers are 
constructed, how they are used, and what are 
the advantages and disadvantages of each. The 
report of your committee would be valuable 
not only in class, but in your science club 


1Page 66, col. 1. 


PROJECT - To make a collection of in- 
sulating materials. Collect samples of 
as many different insulating materials as 
youcan. Fasten a sample of each to a large 
piece of cardboard. Under each sample 
place a slip on which are typed or written 
the name of the material and a statement 
of its uses for insulation. Display your 
completed project on the bulletin board. 
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THE NATURE AND IMPORTANCE 
OF WEATHER AND CLIMATE 


Harland Sutherland and Kabel Art Photos 
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WEATHER AND OUR DAILY LIVING 


1. How Is Water Vapor in the Air Related to the Changing 
Weather Conditions? 


NO SUMMER : Did you ever hear of the 
"poverty year" or the ‘year without a sum- 
mer"? 'That year was known also as the 
"mackerel year" because the farmers could 
not raise their usual numbers of pigs and 
hence had to eat fish instead of pork. It was 
the year 1816. Winter weather continued 
through the spring and even through the 
summer. ‘Temperatures. were unusually low 
in many parts of the earth, but cold spells 
were especially frequent and severe in south- 
eastern Canada and in New England. 
Early in June a storm swept over those areas, 
covering them with deep snow. The low 
temperatures that accompanied this storm 
destroyed early crops. Summer birds and 
even some farm animals froze to death. 
During all the summer months frosts and 
snowfalls were frequent. Many late crops 
were destroyed, and many of those that 
were not, failed to mature. 

What caused this “winter in summer"? 
At the time scientists believed it to be due 
to sun-spots.! According to published ac- 
counts, sun-spots could be seen with the 
naked eye then for the first time in history. 
Later, however, scientists proposed another 
hypothesis? This was that the unusual 
weather had resulted indirectly from a vol- 
canic eruption. In April of the preceding 


1Dark areas on the sun's surface. Page 247, il. 
?Page 44, ftnt. 2. 


year T'ambora,? almost on the opposite side 
of the world from New England, had 
erupted^ with frightful violence. For five 
days it had poured into the air vast quan- 
tities of dust and ashes. ‘These had formed 
a gigantic cloud high in the air. ‘This cloud 
was so dense that it had made the sunshine 
dim even at points several hundred miles 
from the rumbling mountain. 

During the months that followed, this dust 
was carried by winds and air currents all 
around the earth. But it was not distrib- 
uted equally everywhere. Over southeastern 
Canada and New England it was especially 
dense. Above those localities? the dust par- 
ticles absorbed and reflected back into space 
an unusual amount of the sun's radiant 
energy. Hence winter weather prevailed 
in that section even through the summer 
months. 

By the next summer, however, most of the 
dust had settled or had been carried to the 
ground by falling rain or snow. Therefore 
nearly normal weather conditions again pre- 
vailed. 


WEATHER : "All the conditions that to- 
gether make up the weather either are men- 


*Tambora (tàm'bó rä): a volcano on an island in 
the Netherlands Indies, near Bali. 

‘Pages 3 and 4; il. 

*Locality (lo kAl'ftY); a place, area, or location. 

*Page 89, 
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Fog is one type of cloud. Four of th 


United States Weather Bureau 


e weather conditions named on this page are 


indicated here. Which one is not? 


tioned or are suggested in the story of the 
summerless year. These conditions include 
humidity in its various forms, temperature, 
barometric pressure, cloudiness, and direc- 
tion and velocity! of the winds. 

*All weather conditions are closely re- 
lated. All are changing more or less all the 
time, everywhere on the earth. Further- 
more, a change in any one of them is always 
accompanied by changes in others. All 
weather predictions’ are based upon meas- 
urements of these conditions. 

*It is important to keep in mind that all 
the weather conditions are involved in and 
result from great, moving masses OBRA. 


1* Velocity (vě lós't ti): speed of movement. 
?Prediction (pré dik'shün): an announcement of an 
event or a condition before it occurs. 
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These will be described later. First, how- 
ever, it is necessary to consider humidity in 
its various forms. 

Humidity. Humidity is moisture, or 
water vapor, in the air. Clouds, rainfall, 
snowfall, sleet, fog, dew, or frost results when 
the water vapor changes to water or to snow 
or ice. 

*Nowhere is the air ever completely dry, 
that is, without any humidity, or moisture 
content.) Always it is more or less humid. 
Always it contains some moisture in the 
form of water vapor. Most of the water 
vapor in the atmosphere gets into it by evap- 


3Content (kOn'tént): what is contained. Do not 
confuse this word with content (kon tént’), which is 
spelled in the same way; but means "satisfied" or 
state of being satisfied." 
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All the weather conditions listed on page 137, except one, are suggested here. Which 
one is not? Which of the weather conditions do you think would be likely to seem 
most important to a farmer? a sailor? a coal-miner? a steeple jack? a bus-driver? 


the manager of a theater? Which least important? State your reasons in each case 


oration from oceans, lakes, streams, and 
other bodies of water. Some, however, is 
evaporated from the soil, from dew, frost, 
and clouds, from plants, and from all moist 
surfaces. PAn increase in temperature at any 
locality results in an increase in the rate of 
evaporation there. Also, "an increase in the 
rate of evaporation results in a greater 
amount of water vapor in the air. 
Condensation and precipitation. | "Whenever 
water vapor is cooled enough, some of it 
condenses. Such condensation! takes the 
form of frost, dew, or clouds (illustration, 


"Use the Glossary for reviewing the meanings of 
words already defined. 


p. 137). Whenever some of the water that 
has thus condensed falls to the ground; there 
is precipitation. The forms of precipitation 
include rain, snow, sleet, and hail. 

Water condensing out of and evaporating back 
into the air, If you pour ice water into a 
tumbler on a hot summer day, the outside 
of the tumbler soon becorhes wet. Water 
vapor condenses on it as dew. The water 
that composes the dew does not come from 
the ice water in the tumbler, It is con- 
densed out of the air that touches the cold 
outside surface of the tumbler. But the 
air must become chilled before any of the 


2* Precipitation (pre stp Y tà/shün). 
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water vapor in it can change to the liquid 
state. 

If then you pour out the ice water, the 
empty tumbler at once begins to become 
warmer. As the air that touches the tum- 
bler’s outside surface gets warmer, it is able 
to hold more moisture. Consequently the 
dew on that surface evaporates back into the 
air. 

*This familiar experience illustrates an 
important principle: "The higher the tem- 
perature of the air, the more water vapor it 
can hold. The actual quantity of moisture 
in the part of the air that touched the tum- 
bler did not change just as soon as that air 
began to cool. Rather, the cooling made the 
air unable to hold so much moisture as be- 
fore. Finally that air was cooled to a tem- 
perature at which it held all the moisture 
that it could. It was then saturated. Its 
temperature then was its dew point,’ or con- 
densation point. As it became still colder, 
some of the water vapor in it condensed on 
the tumbler surface as dew. But the air re- 
mained saturated as it continued to cool be- 
low its dew point and to lose more of its 
moisture. 

*How full of moisture air is, therefore, de- 
pends on two factors: One is the amount of 
water vapor that is in the air. The other is 
the temperature of the air. Thus the air be- 
comes more nearly saturated if it becomes 
colder, and less nearly saturated if it be- 
comes warmer, even though the actual 
quantity of water vapor in it does not 
change. 

Relative humidity. The term relative hu- 
midity means "percentage of saturation.” 
It indicates how nearly air is saturated with 
water vapor. To illustrate, let us suppose 


; : » 
1Point here means “point on a thermometer, as on 


page 95, col. 1. 


that the air touching the outside of the tum- 
bler before the tumbler was filled with ice 
water contained one-half as much water 
vapor as it could hold at ‘hat temperature. 
Its relative? humidity then was one half of 
100 per cent, or 50 per cent.’ 

As the air became colder, its relative 
humidity, or percentage of saturation, in- 
creased. Why? For the reason indicated 
on the preceding page: While the amount of 
water vapor in the air did not change, the 
air could not hold so much moisture at the 
lower temperature. Soon the air touching 
the outside of the tumbler had cooled 
enough to become completely saturated. 
Then its relative humidity was 100 per cent. 
It had then reached its dew point. As it 
continued to get colder, it had to give up 
more of its moisture as dew. Yet all the 
while its relative humidity continued to be 
100 per cent because it continued to remain 
saturated with water vapor. 

Humid air. *Humid air is likely to be 
thought of as air that contains much water 
vapor. Actually, it is air whose relative 
humidity is high. As has been explained, 
air can contain much moisture and still have 
a fairly low relative humidity if it is warm 
enough. Also, it can contain little water 
vapor and still have a high relative humidity 
if it is very cold. These last two sentences 
together indicate that Pthe warmer air be- 
comes, the drier it becomes if the quantity 
of moisture in it does not change. The 
reason for this is that at a higher tempera- 
ture the moisture that air contains saturates 


it less nearly. 


2Relative, when used in this way, indicates that 
something is being compared with something else. 
Relative humidity means the quantity of water vapor 
that is actually in the air compared with the quantity 
that could be in the air at the same temperature. 
3Page 162, experiment. 


[139] 


2. What Conditions Cause and Accompany Various Forms 
of Condensation and Precipitation? 


LOW CLOUDS - Have you ever been in 
a cloud? Have you ever been above the 
clouds? If you have traveled by airplane, 
you probably have. Unless you live on a 
desert, you probably have, anyway, though 
you may not have realized at the time that 
you were. You have been in a cloud when- 
ever you have been in a fog. You have been 
above the clouds if you have been in a tall 
building or on a hill with fog below you. A 
cloud is one form of condensation, 


FORMS OF CONDENSATION - Clouds. 
When warm air rises, it is cooled both by 
expanding and by reaching higher and 
therefore colder altitudes. If it becomes 
cooled below its dew point, some of its 
moisture condenses. ‘The moisture collects 
in tiny drops or as snowflakes around minute 
solid particles. These particles get into the 
air chiefly from burning fuels and from 
evaporating ocean spray. Clouds are thus 
formed (illustration, p. 141). If these clouds 
drift into air warm enough to evaporate their 
water-drops or snowflakes, they disappear. 

Fog. Often a layer of warm, humid air 
becomes chilled by the cooling of the ground 
or the water beneath it. If it becomes cold 
enough, fog forms in it as some of the water 
vapor condenses in tiny drops around float- 
ing particles of dust. Such a mass of fog is a 
low-lying stratus cloud (illustration, p. 141). 
The air above this fog may not become 
chilled enough to reach its dew point. 
Hence it remains clear. If you have flown 
in an airplane, you have probably experi- 
enced the thrill of passing up through 
clouds into sunshine." 


1Page 19, il. 


Smog. Innumerable? particles of ashes and 
soot poured into the air from factory chim- 
neys can cause the formation of the heavy, 
dark fog called smog. Smog sometimes con- 
tains fumes from chemical plants, along with 
soot and ashes? During periods of smog 
people's eyes hurt and water constantly. 
Also, breathing becomes increasingly diffi- 
cult. Recently, in and near a small city, 
twenty people died and more than nine 
hundred were given medical or hospital 
treatment as the result of breathing smog 
for several days. Also, about eight hundred 
farm animals died during the same period 
and from the same cause. How to prevent 
smog is a problem of growing importance in 
many industrial centers. 

Dew and frost. Dew forms on grass, 
plants, stones, and other objects for the same 
reason and in the same way as dew formed 
in the experiment on page 138. When the 
dew point is above the freezing point of 
water, the water vapor condenses as dew. 
If, however, the air is dry, its dew point is 
likely to be below the freezing point of 
water. Consequently vapor does not begin 
to condense out of the air until the air 
reaches a temperature below 32? F. ‘Then 
frost, not dew, is formed. 

Preventing frost with smoke blankets. Many 
fruit and vegetable plants are killed by frost. 
The commonest method of protecting fruit 
crops, especially citrus-fruit crops, from 
freezing temperatures is to use “smudge 
pots." A smudge pot is a torch-like device 
for producing dense smoke from burning oil. 
The pots are usually attached to poles a few 
feet high, distributed throughout the or- 


*Page 50, ftnt. 1. ‘Page 25, col. 1. 
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Cumulus 


they are most often found. There are many 


Cloud types and the altitudes at which 
cirrus! 


types of clouds, but most of them are combinations of the four major types: 
(feathery), cumulus? (piled in irregular domes), stratus? (in layers), and nimbus* 
(dark and ragged). In general, clouds are higher in winter than in summer. Why? 


3Stratus (stra'tüs) Nimbus (nfm'büs). 
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1Cirrus (skr üs). 2Cumulus (kà^mü lüs). 


X 


Evans Produc 
How does the Frostguard prevent frost? 


chards. When frost warnings are received 
from the Weather Bureau, the pots are 
lighted. 

The clouds of smoke from the burning oil 
form a heavy blanket that covers the 
orchard. This blanket of smoke acts as an 
insulator. It helps to keep the temperature 
above the freezing point by reducing the 
quantity of heat that escapes from the 
ground and from the air surrounding the 
trees. Also, as the air cools below its dew 
point, the water vapor in it condenses upon 
the smoke particles. As it condenses, it gives 
up heat. This heat is added to the heat that 
the smoke blanket prevents from escaping. 
Thus it helps to keep the temperature above 
freezing. 

Preventing frost with infra-red rays. Another 
device for protecting crops from freezing is 
shown above. It consists of a special oil- 
burning heater equipped with a reflector. 
It produces infra-red rays! that are reflected 

Page 118, ftnt. 2. 


in all directions among the plants. It is 
finding use not only in orchards, but also in 
fields, gardens, and greenhouses, and in late 
fall, as well as in early spring. 

Preventing frost with warm-air currents. The 
air 30 to 40 feet above the ground is often 
5° F to 10° F warmer than the air just above 
the ground. To use the warmer air for pre- 
venting frost, wind machines (fans) are in- 
stalled in towers 32 feet high. These towers 
slowly rotate. Thus the wind machines blow 
a gust of warmer air among the orchard trees 
every four or five minutes. When necessary, 
more heat is supplied by oil heaters dis- 
tributed among the trees. 

This last method of frost prevention is 
claimed to be the least expensive of all. 


FORMS OF PRECIPITATION - Rain and 
snow. Whenever the air is cooled below its 
dew point, droplets? of water may be 
formed in almost unbelievable? numbers. 
There may actually be hundreds of thou- 
sands in every cubic inch of air. But such 
droplets are far too small to fall as rain. 
They must first "grow" enormously. . They 
must contain from a thousand to more than 
a million times as much water as they con- 
tained when first formed. 

Snowflakes and raindrops. Snowflakes are 
not frozen raindrops, any more than frost is 
frozen dew. When water vapor condenses 
below the freezing point of water, it changes 
directly into ice crystals. These ice crystals 
grow into snowflakes as more moisture con- 
denses upon them (illustration, p. 143). 

Ordinarily water begins to freeze at 32° F. 
But under certain conditions, the droplets 
in a cloud remain unfrozen at temperatures 
many degrees lower. Furthermore, under 


2Droplet (drép'lét): a minute drop. 
‘Introduction to the Glossary, p. 537. 
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such conditions, snowflakes usually do not 
begin to form until this lower temperature is 
reached. Consequently super-cooled* water- 
drops and snowflakes are both present in the 
cloud at the same time. 

When this happens, water evaporates 
from the drops and condenses again on the 
ice crystals. Thus the ice crystals increase 
in size as snowflakes while the water-drops 
diminish. When the flakes become heavy 
enough, they fall. If, however, the air in 
the bottom of the cloud is warm enough, the 
snowflakes may melt. They then fall as 
rain instead of as snow. 


1Super-cooled (sü pér koold): cooled below the freez- 
ing point without freezing. 


Raindrops without snowflakes. Under certain 
conditions, some of the solid particles in the 
air collect moisture much faster than others. 
Hence the droplets that form on them grow 
much more rapidly than the others. Water 
then evaporates from the smaller droplets 
and condenses on the larger ones. As a re- 
sult, raindrops are formed directly, instead 
of from melting snowflakes, as just de- 
scribed. 

Raindrops from collisions. Always in all 
clouds the air movements cause droplets to 
“bump into one another.” Often, when 
they do, they combine. When enough of 
them combine in this way, they form drops 
large enough to fall as rain. 


How a snowflake “grows.” This series of drawings was made from observations 


through a microscope. If yo 


u live where snow falls, catch some snowflakes on a 


dark cloth. Examine them with a magnifying glass. Do they all have the same 


number of sides or points? 


Harold M. Lambert, Buffalo Museum of Science 


Artificial rain-making. Often warm and 
humid air masses are cooled enough so that 
much of their moisture is condensed. Yet 
there is no precipitation. The drops of mois- 
ture are so small that the rising air currents 
carry them upward faster than they can fall. 

Langmuir,' together with other scientists, 
attacked the problem of causing drops to 
form that would be heavy enough to reach 
the ground in spite of strong rising currents of 
air. He planned and directed experiments 
by which clouds were "seeded" with a cer- 
tain chemical.? The term seeding was used 


because the chemicals were scattered from 
Yrving Langmuir (lÁng'mür): eminent American 
scientist; born, 1881. 
?Either Dry Ice or silver iodide. 


airplanes over large areas of clouds in some- 
what the same way that farmers sow certain 
Crops. 

Finally these experiments resulted in some 
success. But many years of study need to be 
carried on before methods of rain-making 
can be perfected and controlled. 

Sleet. Snow is never frozen rain, but 
sleet often is. If rain falls through air that 
is cold enough, the drops freeze into pellets? 
of ice. These ice pellets are sleet. 

Sleet is believed sometimes to form from 
snowflakes in this way: Snow may fall 
through a layer of warmer air, but, before 
the flakes can melt entirely, they pass into 
freezing air. Then the water that resulted 

3Pellet (p&l'&t): a little ball. 


A, a hail-stone beside a “hard” baseball; B, a "silver thaw.” Such a sleet storm may 
cause loss of life indirectly and hail-stones directly. Can you explain this statement? 


Wide World, 


cience Service 


from the melting of their outside portions 
freezes. The sleet that results appears to 
consist of snowflakes coated with ice. 

Glaze in the form of a coating of ice is 
formed when rain freezes after it falls. Such 
glaze is sometimes called sleet. In some 
jocalities a storm that brings such sleet is 
known as a "silver thaw.” As the ice coating 
becomes thicker, its increasing weight often 
causes great damage. Trees and power lines 
break and fall. Highways and pavements 
become dangerously slippery (illustration, 
p. 144). 

Hail. Warm, humid air sometimes con- 
tinues to rise rapidly in convection currents, 
even after it has cooled enough so that rain- 
drops begin to form in it. Finally, several 
miles above the earth, the air becomes cold 
enough for the drops to freeze. 

As the frozen drops fall, they chill the air 
that touches them. Some of the moisture in 
this air condenses on them, just as dew con- 
denses on a tumbler of ice water. Hence 
the frozen drops get bigger as they fall. 
Then, again, vertical air currents may carry 
them upward into regions of low tempera- 


3. What Are Some Major 


WINDS AND CALMS - Do you like to read 
sea stories? If so, you have probably shared 
in imagination the dangers and excitement 
of typhoons,? hurricanes, gales, and squalls? 
on the ocean. Perhaps you have shared 
likewise the dull existence on a sailing ship 
in one of the belts of calms (illustration, 
p. 146). There sailing vessels remained 


1Page 138, col. 2. 

2Typhoon (ti foon’): a hurricane in the region of 
the China Sea or the Philippine Islands. 

3Squall (skw6l): a sudden, violent gust of wind, often 
accompanied by rain or snow. 


tures. The water on their surfaces freezes. 
Again they fall, and as they do they collect 
more moisture, as before. Then, again, they 
may be carried upward. This may happen 
several times. Each time down and up adds 
a layer of ice. Finally the frozen drops be- 
come too heavy to be carried upward again. 
Then they fall to the earth as hail-stones. 
Hail-stones such as the one shown on page 
144 are fortunately rare. Such hail-stones 
have been known to be composed of as many 
as nine layers of ice. But even much smaller 
ones can destroy crops, kill farm animals, 
break windows, and damage automobiles. 


THE WATER CYCLE - *The preceding dis- 
cussions provide evidence that supports two 
principles: "When water is heated, it evapo- 
rates into water vapor. "When water vapor 
is cooled enough, it condenses into liquid 
water or solid water (frost, sleet, ice, or 
snow). Evaporation, and condensation with 
its resulting precipitation, are therefore 
opposite processes. Together they make up 
what is called the water cycle. They follow 
each other in endless succession. 


Causes of Air Movements? 


practically stationary, often for many days, 
while their crews anxiously or tediously 
waited for winds that would take them on 


their way. 


WHY THERE ARE AIR MOVEMENTS - 
*In the romantic days of sailing ships, no- 
body knew exactly why there were gales and 
calms. Only within recent years have scien- 
tists learned about the great air masses and 
how, where, and why they move. Now it is 
known that all air movements are caused by 
the unequal heating of the land and water 
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areas. This unequal heating is due to several 
causes. These include the angle at which 
the sun’s rays strike and the nature of the 
surface, that is, its composition, smoothness, 
and color. Also, they include the altitude, 
day and night, and uneven distributions of 
dust in the air.! 

The angle of the sun’s rays. "In gen- 
eral, the more nearly vertically the sun's 
rays strike an area, the greater is the amount 
of radiant energy that the area absorbs and 
the less that it reflects. Consequently, Pin 
general, the more nearly vertically the sun's 
rays strike an area, the warmer that area be- 
comes (illustration, p. 147). 

The nature of the surface. Neighboring 
areas of sand, soil, rocks, and water will heat 


1Page 136. 


unequally in the sunshine, even though equal 
areas receive the same amounts of the sun's 
energy. Under similar conditions, bodies 
of water will heat more slowly and cool more 
slowly than land areas? Consequently, on a 
sunshiny day, a lake will be colder than the 
surrounding land at noon and warmer at 
midnight. 

PIn general, the rougher a surface is, the 
faster it heats in the sunshine. Therefore, 
under similar conditions, a smooth field or 
a smooth rock will reflect more of the sun's 
heat than a plowed field or a rough rock. 
Hence it will remain cooler. 

PDark-colored surfaces absorb more radi- 
ant heat than light-colored ones? There- 


*Page 95, col. 2. 
3Page 112, col. 1. 


A clipper ship of nearly a century ago. What can you infer about the weather 
conditions where this ship is? 


© Ewing Galloway 
dee 4 


How nearly vertical the sun’s rays are when they strike a spot on the earth’s sur- 


H. Armstrong Roberts 


face depends on the time of day, the distance of the spot from the equator, and the 
flatness or ruggedness of the area. Other factors that cause unequal heating of the 
carth's surface are discussed on this page. Can you identify them in this picture? 


dark-colored 
the 


fore, under similar conditions, 
sand and rocks will become warmer in 
sunshine than light-colored ones. 
Altitude. If you flew in an airplane 3 
miles above sea level, there would be about 
as much air below you as above you. In 
other words, about half of all the air mole- 
cules are within 3 miles of the solid earth.' 
This fact illustrates the principle that, Pin 
general, the higher the altitude, the thinner 
is the blanket of air above it. The thinner 
blanket of air “traps” some of the sun's heat, 


!Page 19. 
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but much less than does the thicker blanket 
over the valley floors. 

Day and night. All parts of the earth 
gain heat and become warmer during their 
daylight hours. They lose heat and become 
cooler during their hours of darkness. Con- 
sequently there is a considerable difference 
between the day temperatures and the 
night temperatures at the same spot. 

The unequal distribution of dust in the 
air. This factor has been illustrated by the 
story of the *tmackerel year."? 


?Page 136. 
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MAP A «S i 


Winds aloft 


Surface winds 


The prevailing winds of North America as they are (A) and as they would be (B) 
if the earth did not turn on its axis. Do you think that the sailing ships, when voy- 


aging westward from Europe, set their courses north or south of the equator? Explain 


CHANGING TEMPERATURES, CHANG- 
ING PRESSURES, MOVING AIR - *?Unequal 
heating results in unequal air pressures. 
Differences in air pressure at different points 
on the earth’s surface cause both great air 
movements and local winds. "The air 


always moves from places where the baro- 
metric pressures are greater toward places 
where the barometric pressures are less. 
Therefore not only the great air movements, 
but also the local winds are merely convec- 
tion currents.! 


4. What Are the Characteristics of the Great Air Movements? 


AIR MOVEMENTS, BUT NOT WINDS - 
In the days of the sailing ships when the 
sailors waited in vain in the calm belts for 
a breeze, they thought that the air was still. 
But it never was. It was constantly moving, 
but slowly and generally upward or down- 
ward. The captains of sailing ships avoided 


the calm belts when they could because ver- 

tical air currents do not drive ships. Such 

currents are commonly not considered to 

be winds. The mariners tried to follow 

courses between the calms, where they 

could count on generally favorable winds. 
1Page 109, col. 2. 
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THE CAUSES OF THE PREVAILING WINDS 
AND CALM BELTS - As you would expect, 
the air over the ocean and the land near the 
equator is heated by the warm surfaces of 
water and land beneath it. Hence it ex- 
pands and becomes less dense. As a result, 
its pressure becomes less. The air both 
north and south of this heated area is colder 
and denser and therefore has greater pres- 
sure. Consequently it flows into the warmer 
area and pushes the warm air upward. As 
the warm air rises, it becomes cooler as it 
expands. A few miles above the earth’s sur- 
face, the rising air divides. Part moves 
toward each pole (illustration, p. 148). 


The starting points and the usual paths of the warm air masses (dark arrows) and 
cold air masses (light arrows). In what ways are warm air masses and cold air 
masses alike? different? 


The illustration shows corresponding air 
movements over North America and South 
America. But in the rest of this section, only 
the air movements and conditions over 
North America will be discussed. 

As the warm air that has been forced up 
over the equator flows northward, it is 
shifted eastward because of the earth’s rota- 
tion. This shifting causes a piling up of air 
in the horse latitudes and a resulting high- 
pressure area above the ocean surface. The 
air that flows out of the southern part of this 
high-pressure area forms the trade winds. 
That flowing out at the northern side forms 
the prevailing westerlies. 


~ ^ Gas 


AIR MASSES AND FRONTS - The wind 
belts were of great importance to the “an- 
cient mariners.” But other movements more 
constantly and more importantly affect us. 

Great bodies of air are usually, but not 
always, traveling. One may remain for 
several days over the same region before 
moving on. If this region has fairly uniform 
surface conditions, then the air over it ac- 
quires temperatures and humidities corre- 
sponding to those of the land areas beneath. 
Such a body of air is called an air mass. Air 
masses formed in the far north are called 
polar or arctic air masses. Those formed in 
tropical regions are called tropical air masses 
(illustration, p. 149). 

Whenever moving air masses from differ- 

ent regions meet, a boundary surface is 
formed between them. This is called a 


———————————————————————————e 


4, a warm air mass overtaking a cold air mass > 

B, a cold air mass overtaking a warm air mass. 

If these illustrations were not identified for you, 
could you tell which was which? Explain 


Cold air 


at © à 


Cold air mass 


Jrontal surface. This surface is, of course, 
invisible and uneven. Moreover, it is con- 
stantly billowing and warping as one air 
mass presses against the other. The bottom 
of this frontal surface is the front. Thus a 
front is the shifting, imaginary boundary 
line on the ground between two air masses, 
It may extend across country for hundreds 
of miles. 

The frontal surface stretches ahead of the 
front in a gradual slope. It may not rise 
vertically more than one mile in three 
hundred miles of horizontal distance. The 
warmer, less dense air always lies on the 
upper side of the frontal surface. The colder, 
denser air is always near the ground. 

A front bends or shifts constantly all along 
its length, as parts of the advancing air mass 
change their directions. In general, how- 
ever, fronts mark the progress of the air 
masses across the continent from west to east. 

Warm fronts. Advancing warm air 
cannot crowd out cold air, because it is less 
dense than the cold air, and its pressure is 
therefore less. It will, however, replace cold 
air as the cold air moves out. 

Cold air “hugs the ground." Therefore, 
whenever an advancing warm air mass en- 
counters cold air, the warm air must flow 
up over the cold air. As a result, the warm 
front is usually hundreds of miles behind the 
foremost part of the advancing warm air 
mass that causes it (illustration, left). 

Cold fronts. The face of an advancing 
cold mass slants backward (illustration, 
left). The mass therefore moves forward 
like a thin wedge with a bulging, rounded 
edge. It slides under the warm air, forcing 
it upward. The cold front is not far behind 
its foremost part. 


"Sometimes the surface between the air masses is 
also called the front. The preferred definition, how- 
ever, is the one stated above. 
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Stationary fronts. Sometimes two air 
masses meet under conditions that do not 
cause either to advance. The result is a 
stationary front. 

Occluded fronts. Sometimes a cold 
mass overtakes a warm mass and lifts all the 
warm air upward. The boundary line in 
such a case is called an occluded! front. An 
occluded front results also when a warm air 
mass is between two advancing cold masses. 
The warm air is then squeezed and pushed 
upward as the masses of cold air approach 
each other. 


WEATHER CHANGES - When a cold 
air mass and a warm air mass meet, the two 


do not readily mix with each other, as you 
might expect. Therefore, the weather 
changes within the masses are usually 
gradual. 

Warm waves and cold waves. A warm 
air mass or a cold air mass may not pass 
completely over a region for several days. 
As a result, there may be in that region a 
corresponding period of warm or of cold 
weather. 

During a warm wave the sky is likely to be 
cloudy. Rain is likely to fall. In contrast, 
during a cold wave the clouds that formed 
when the cold front arrived usually evapo- 
rate. The air becomes clear and visibility? 
good. 


5. What Are the Characteristics of Some of the Important 
Winds and Storms? 


VARYING : WEATHER CONDITIONS 
What is the strongest wind that you ever 
experienced? a 60-mile-an-hour gale? a 
hurricane? 

The force of a wind depends on how much 
air is in motion and how fast it is going. 
Winds differ greatly in velocity. The light- 
est breezes move about half as fast as a per- 
son ordinarily walks. The heaviest gales 
sweep along much faster than the fastest 
train travels, The lightest winds are barely 
strong enough to bend a column of smoke. 
The strongest ones can destroy forests, 
buildings, and ships. Often they cause con- 
siderable loss of human life. 

Probably you have never experienced a 
tornado or a hurricane (illustrations, pp. 
154 and 156). Nevertheless, you may have 
known winds strong enough to blow down 


10cclude (Óklood'): to shut out, as by closing a 
passage. 


trees and also aerials for radio and televi- 
sion and to blow shingles from roofs. 

*PDifferences in wind velocity are due to 
differences in air pressure.’ "The greater 
the difference between the atmospheric pres- 
sures at two points, the stronger will be the 
wind that blows between them. For this 
reason, winds blow out of cold air masses 
and into warmer air masses. 


LOWS AND HIGHS - A low is a great body 
of air at low pressure, in which the pressure 
diminishes toward the center, or point of 
lowest pressure. A low is known also as a 
cyclone.* A high is the opposite of a low. 
It is a great body of high-pressure air, in 
which the pressure increases toward the 


»Visibility (viz Y bil't ti): the degree of clearness of 
the atmosphere as measured by the horizontal dis- 
tance at which prominent objects can be recognized. 

3Page 148. 4Cyclone (si'klon). 
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A daily map published in a newspaper. Note the wind directions around the lows 
and the highs. All points on any of the heavy curving lines on the small map are 
expected to have the same maximum! temperature for the day indicated. What 
facts can you learn about the weather conditions that existed or were expected at 
your home on the two days indicated here? 


1 Maximum (mák'st müm): the greatest possible. 


center, or point of highest pressure. Another 
name for a high is anli-cyclone! (illustration 
above). One or more lows and highs are 
usually moving across the continent at the 
same time. 

Lows and highs are not the same as the 
air masses described earlier. They occur 
within air masses or along a front. Some- 
times a single low or high may occupy almost 
a whole air mass. In such a case it may be 
large enough to cover a considerable part of 
the United States or Canada. Usually, how- 


LAnti-cyclone (an'ti si'klon). 


ever, a low or a high is made up of parts of 
two or more air masses. Hence it frequently 
forms on the boundary between two air 
masses. 

As would be expected, lows and highs fol- 
low the same fairly definite routes that air 
masses follow. Thus they cross the conti- 
nent from west to east. They move usually 
at a speed of 10 to 20 miles per hour. 

The greater air pressure outside a low 
causes winds to flow into the middle of it. 
They do not, however, blow straight into 
the middle. They curve somewhat like 
curving spokes of a wheel. Hence the winds 


[152] 


blow around the low in a counter-clockwise, tration, p. 141). This cloud may finally 
or anti-clockwise, direction! At the center reach a height of nearly 10 miles. Rain- 
the in-rushing air is forced upward some- drops are formed, but the early ones do not 
what as if the center were a great, invisible fall. Instead they are blown into a fine 
chimney. spray as they are forced upward. Electrical 
The general flow of air in a high is the charges are produced, and there are some 
opposite of that in a low. In the case ofa flashes of lightning. 
low the air flows inward and upward. In As the air reaches higher and colder levels, 
the case of a high it flows downward and more and more water vapor condenses. 
outward. The air that flows out of a high, Hence rapidly increasing numbers of rain- 
curves in a clockwise direction. It is re- drops form at lower altitudes and snowflakes 
placed by cold air that settles from above at higher ones. They grow rapidly in size 
into the center. and weight. Finally the weight of rain- 
Local winds in a low or a high rarely fol- drops and snowflakes becomes great enough 
low uniform curving paths about the center. to cause them to fall in spite of the up-draft. 
They shift in direction, just as they vary Then a down-draft develops. The lightning 
in strength, according to the continuous now may be almost continuous. Thunder 
changes in air pressure. crashes and rumbles after each lightning 
flash. The up-draft and the down-draft flow 
THUNDER-STORMS - We usually think of past each other. Cold air pours out of the 
thunder-storms as occurring during the bottom of the cloud and speeds ahead of the 
summer or at least during fairly warm advancing storm. A heavy fall of rain or 
weather. But occasionally there are winter sometimes of hail soon follows the first vio- 
thunder-storms, during which snow falls, lent gusts of wind. 
and not rain or hail. Thunder-storms cause great damage to 
A thunder-storm, as a whole, is made up crops because of the strong winds, the heavy 
of separate units, called cells. The whole rainfalls, and often the destructive hail- 
thunder-storm may cover 200 square miles; storms that accompany them. Also, the 
yet a cell is rarely more than 3 miles wide. hail-stones often damage buildings and 
The cells are usually in different stages of sometimes kill farm animals. Moreover, the 
lightning is a source of danger to life and 


development at the same time. 
A cell starts with a small cumulus* cloud. property. 

Air from below and from the sides sweeps Radar? is now used to follow the progress 
into this cloud and up through it. Thus an of thunder-storms. 

up-draft is formed that is somewhat like the 
sweep of air up through a chimney. As the 
rising air reaches higher altitude, it is cooled 
below its dew point. Moisture condenses 
rapidly. Consequently the cloud soon grows 
into a towering, dark thunder-head (illus- 


DESTRUCTIVE WHIRLING WINDS - Tor- 
nadoes. If you live in a part of the country 
where tornadoes occur, you are probably 
familiar with ‘‘cyclone cellars.” These are 
underground rooms into which people can 
go for safety when a tornado is approaching. 


iJn the direction opposite to clockwise (kl3k'wiz), 
the direction in which the hands of a clock move 
around the dial. 2Page 141. 


3Radar (rà/dàr): a radio device for detecting the 
distance, height, and movements of objects. 
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Don Heinrichs 


A tornado. From just what you can infer from this picture, what weather condi- 
tions, besides the wind, do you think accompany a tornado? Explain 
ns 
A tornado, or “twister,” is a violently rotat- either clockwise or counter-clockwise. It 
ing wind-storm with low pressure at the should not be confused with cyclones, or 
center (illustration above). It may rotate lows, or with hurricanes, whose winds al- 
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ways blow in a counter-clockwise direction 
around the low-pressure center. 

Often a tornado "jumps." Its tip rises 
from the ground and descends again some 
distance farther east. It moves over the 
ground at a speed rarely greater than 40 
miles per hour. Hence one could nearly 
always out-run a tornado in an automobile. 

The path of a tornado is commonly less 
than half a mile wide. It is more or less 
irregular. Usually, however, it curves 
slightly toward the north-east. 

It is estimated that there are about one 
hundred and fifty tornadoes per year in the 
United States. These tornadoes cause the 
deaths of about two hundred and fifty people 
and cause property damage of about ten 
million dollars. 

Scientists hope soon to be able to detect 
a tornado when it is developing and then 
to follow its course with radar. Thus they 
hope to be able to warn people before it 
arrives, 

The exact cause of tornadoes has not yet 
been determined. 

Hurricanes. Hurricanes are cyclonic? 
storms of great size and violence (illustra- 
tion, p. 156). Often they are 300 or more 
miles across. They are most frequent in late 
summer and early autumn. They build up 
usually over the Caribbean Sea at various 
points near the West Indies. Commonly 
they travel at first west, then northwest or 
north. Then they swing northeast and 
“blow themselves out” over the Atlantic 
Ocean. Sometimes one passes over part of 


1Page 153, ftnt. 3. i ; 
2Cyclonic (sī klón^tk): occurring in or involving a 
cyclone, or low. 


one or more of the Southern states. In 1938 
a “freak” hurricane swept across New Eng- 
land and into southern Canada. In 1951 
another traveled across part of New York 
State. 

In the center of a hurricane is the “eye”? 
of the storm. This is a circular area about 
15 miles across. Before the eye reaches a 
locality, a terrific wind sweeps in one direc- 
tion. As the eye passes over that place, there 
is no wind, though the air is rapidly rising. 
Then, as the eye leaves the spot, a wind, 
usually even stronger than the one before 
the eye arrived, rushes in the opposite direc- 
tion. The reason for the opposite winds is 
that they are opposite sides of the circling 
air currents. The rapid cooling of the mass 
of rising humid air in the eye results in 
thunder-storms with torrents of rain. 

The velocity of the wind is greatest near 
the rim of the eye. There it is sometimes 
more than 150 miles per hour. Therefore 
hurricanes always menace shipping. Fur- 
thermore, whenever a hurricane passes over 
the land, it leaves much destruction behind 
it But the damage such storms now bring 
about is only a small fraction of the destruc- 
tion that they formerly caused. Now con- 
tinuous observations from airplanes are 
made of every hurricane from the time that 
it first begins to “build up.” On the basis 
of these observations, the probable path of 
the hurricane, its forward speed, and its 
wind velocities are determined and broad- 
cast. Shipping is therefore usually able to 
avoid a hurricane, and people in its path on 
land can prepare for it. 


3Sometimes there is also a smaller eye, near the 
center. 


[155] 


6. What Is the Work of the Weather Bureau? 


THE "LITTLE WAR” - The value of 
weather predictions has long been recog- 
nized. But their value in war was not fully 
realized until the Second World War. An 
important battle of that war was fought for 
the possession of a weather station. Yet, in 
this battle, only six men were engaged. 

On a small, remote island in the North 
Atlantic, the Germans had built a weather 
station and a radio-broadcasting station. 
They had chosen that location because the 
cold air masses! that sweep over it influence 
the weather over all of Europe. 

Page 150. 


When the war began, the Germans put 
three men in charge of this station. These 
men radioed to the German weather bureau 
continual reports of the characteristics of the 
air masses passing over the island. These 
reports were valuable for predicting the 
weather for the various countries of Europe. 
The German High Command then planned 
its war moves accordingly. 

Finally the Allies located the station. 
They sent three American soldiers by air- 
plane to destroy it. These men succeeded. 
The loss of this radio station proved a serious 
handicap to our enemies. 


A hurricane on the Atlantic coast. Compare a hurricane with a tornado. In 
making a comparison, one should always state both the respects in which the things 


compared are alike and the respects in which they are different 
International Nickel Company 


WEATHER-FORECASTING, A SCIENCE - 
Until fairly recent times, weather-forecast- 
ing, or predicting the weather, consisted of 
guesses by amateur weather prophets. Peo- 
ple predicted the local weather from various 
“weather signs.” Such signs included cloud 
colors at sunset, cloud movements, cloud 
forms, and animal behaviors. Many of these 
phenomena! had no relation to weather. 
Through long practice, however, some of 
the amateur weather prophets became more 
or less *weather-wise." Their predictions 
often were right. 

*Now weather-forecasting is an important 
branch of science.? Many industries depend 
largely for their success on the accuracy of 
these forecasts. "Two examples of such in- 
dustries are airplane travel and steamship 
travel. Perhaps you have been on an air- 
plane when the pilot has changed his course. 
Later you may have learned the reason. 
He had been warned by radio of unfavorable 
weather conditions along his route or at the 
airport where he had been scheduled to 
land. One of the major air-lines has three 
routes from Chicago to Los Angeles. For 
each trip the one of these routes is followed 
along which the most favorable flying 
weather exists. 

Steamships no longer "take the weather 
as it comes.” They are warned of hurricanes 
and other dangerous storms on the oceans 
and of dangerous storms on the Great Lakes. 

No doubt you can give examples of 
many businesses or other activities that are 
planned in part, if not wholly, on the basis 
of scientific weather forecasts. 


THE UNITED STATES WEATHER BU- 
REAU - The United States Weather Bureau 
was established in 1890, with headquarters 


1Page 90, ftnt. 6. y 
2The science of meteorology (mé tē čr sra ji). 


in Washington, D. C. The bureau now has 
more than a thousand observation stations 
distributed throughout the country. It has 
stations also in Alaska and, with Denmark, 
operates a few in Greenland. These observa- 
tion stations are in a variety of localities. 
These include certain major cities, some 
smaller ones, nearly all large air-ports, and 
the tops of many high mountains. 


THE -CANADIAN METEOROLOGICAL 
SERVICE - This service was established in 
1839, with headquarters in Toronto, On- 
tario. It has numerous stations, whose ac- 
tivities and services are similar to those of 
the United States Weather Bureau. One of 
its stations is located only 450 miles from the 
north pole. The service's great problem is 
to maintain over northern Canada, where 
there are no industries and few settlements, 
enough stations to collect the needed 
weather facts. The expense and difficulties 
involved in maintaining some of the arctic 
stations are shared by the United States and 
Canada. 

The two nations freely exchange all their 
weather information. Moreover, they radio 
to Europe and Asia, at intervals of a few 
hours, weather facts and predictions that 
apply to those continents. 


GATHERING WEATHER FACTS - *Each 
weather station gathers a variety of weather 
facts. These include the types of clouds, the 
barometric pressure, wind direction and 
velocity, and precipitation (if any). Also, 
they include existing temperatures, the ex- 
treme low and high temperatures of the 
preceding day, relative humidity, and such 
other conditions as thunder-storms, fog, and 
smoke. 

Observations of all these conditions are 
made at ground levels. Observations of 
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United States Weather Bureau and United States Signal Corps 


Observing a pilot balloon through a theodolite. 
The observer telephones her observations of 
angles to a "plotter," who makes a record of 
the observations during the balloon’s flight. 

Can observations of the pilot balloon be made 

at all times? Can weather conditions be learned 

from the radiosonde at all times? Explain 


some of them are made also at high altitudes. 
The direction and velocity of the upper air 
currents, as well as ceilings for fliers, are 
determined from the movements of gas-filled 
pilot balloons.. These movements are ob- 
served through theodolites! (illustration 
above). The relative humidity, barometric 
pressure, and temperature, at altitudes of 
15 miles or more, are obtained with auto- 
matic weather stations called radiosondes.? 
A radiosonde consists of a small radio trans- 
mitter to which are attached various light- 
weight weather instruments and a small, red 

1Theodolite (thé 6d’6 lit): 
scope. 

*Radiosonde (ra'di 6 sönd). 


a special type of tele- 


parachute. The transmitter broadcasts dif- 
ferent tone signals to indicate the various 
weather conditions. The radiosonde is car- 
ried aloft by a balloon (illustration, p. 19). 
When the balloon bursts? the parachute 
carries the radiosonde to the ground. Many 
of these are recovered and used again. 

Both the United States and Canada main- 
tain weather ships on the oceans, where 
there are no weather stations (illustration, 
p. 159). Also, both nations send airplanes 
on regular flights over the oceans to gather 
weather information. 


DISTRIBUTING WEATHER INFORMA- 
TION - Every six hours or oftener each 
weather station sends to headquarters a com- 
plete report of the weather conditions exist- 
ing where the station is located. Within two 
hours after these facts have been received, 
all are recorded on a master Daily Weather 
Map. This map furnishes a clear picture of 
the weather conditions that existed all over 
the country at the exact time when the 
observations were made. All the informa- 
tion is sent also to various stations that draw 
and distribute their own maps. An experi- 
enced weather-man can interpret from a 
weather map the weather that existed then 
at any spot, almost as accurately as if he 
had himself made the observations there. 
Also, from the map, he can make scientific 
weather forecasts. The forecasts of the 
Weather Bureau have proved accurate 
about nine tenths of the time. 

The Weather Bureau provides also fore- 
casts and maps to be published in news- 
papers (illustration, p. 152) and to be dis- 
tributed by mail. It provides bulletins for 
the growers of fruits and other crops that 
may be injured by sudden weather changes. 
It furnishes storm warnings. It supplies the 


3Page 18, col. 2. 
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facts that are broadcast every hour for 
the benefit of aviators. 
Great advances are being made in the 


science of the weather. Already highly ac- 
curate weather predictions are commonly 
made several days in advance. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 136-139. 1. State the 
five conditions that together make up the 
weather. 

2. When any weather condition changes, 
at least one other condition always changes. 

3. Air that contains no water vapor is 
seldom found in any locality. 

4. Which one of the following is not 
caused by the condensation of moisture 
in the atmosphere? (1) Fog; (2) smoke; 
(3) frost; (4) clouds; (5) dew; (6) snow. 

5. The one of the following that is not a 
form of precipitation is (1) fog; (2) rain; 
(3) hail; (4) snow; (5) sleet. 


Weather ships are floating weather stat 


weeks at a certain location. Its place is 


6. Warm air can hold more water vapor 
than can cold air. 

7. If air is cooled, its relative humidity is 
(1) not affected; (2) increased; (3) dimin- 
ished; (4) always condensed; (5) as often 
increased as diminished; (6) eliminated. 

8. Air becomes saturated when it is 
cooled to its Its relative humidity 
is then __?_- per cent. 

Pages 140-145. 9. Name the principal 
types of clouds in the order from ground to 
stratosphere. 

10. When dust and smoke are added to 
the air, the chances that there will be fog 
are increased. 


ions. Each ship is stationed for several 
then taken by another. This Canadian 


weather ship is stationed in the Pacific Ocean about 1100 miles west of Vancou- 


ver, B.C. What advantages do you t 


hink are gained from the use of such 


weather ships? 


Royal Canadian Naval Photo 


Ewing Galloway 
How many facts about the weather can you infer 
from this picture of a weather vane? 


11. The danger of killing frosts on farms 
and in orchards is reduced by producing 
heavy clouds of smoke near the ground and 
by using radiant ..?... 

12. The one of the following forms of 
precipitation that is often formed in the 
same way as ice on a pond is (1) sleet; 
(2) dew; (3) snow; (4) rain; (5) fog. 

13. Hail-stones become larger by, first, 
the precipitation and then the freezing of 
water on their surfaces. 

14. The water cycle consists of the alter- 
nate occurrences of condensation and . .?..... 

Pages 145-148. 15. State five factors 
that cause unequal heating of surface 
areas. 

16. Mos! winds are convection currents 
that are produced by different air pres- 


sures, which resulted from differences in 
temperature. 

17. If the barometric pressure where you 
are is greater than that 10 miles away, the 
wind will blow toward you from that spot. 


Pages 148-151. 18. The trade winds, 
horse latitudes, and even the local winds 
are movements of parts of great masses of 
air. 

19. Which of the following phrases or 
words help to describe a front? (1) Whirling 
air; (2) imaginary line; (3) constantly 
shifting along the ground; (4) boundary 
between frontal surfaces; (5) bottom of a 
frontal surface; (6) invisible. 

20. In general, air masses move across 
the continent from east to west. 

21. There is likely to be precipitation when- 
ever a warm air mass is forced upward from 
the earth's surface. 

22. Which of the following phrases or 
words help to describe a frontal surface? 
(1) Invisible; (2) vertical; (3) all on the 
ground; (4) flat; (5) both long and wide; 
(6) boundary between fronts. 

Pages 151-155. 23. A low is different 
from a cyclone, but is the same as an air mass. 

24. A thunder-storm begins with rising 
currents. Then descending currents develop, 
and finally winds go ahead of the storm. 

25. The progress of hurricanes is followed 
and reported by observers in airplanes. 

26. A tornado (1) is a cyclone; (2) is a 
great, whirling storm that forms over the 
sea; (3) is a fairly small but violently 
whirling storm; (4) sometimes swings 
northwest over the Eastern states; (5) is an 
unusually violent thunder-storm. 

Pages 156-159. 27. The United States 
and Canadian weather bureaus are correct 
in their weather predictions about nine 
times in fen. 

28. Which of the following is not or are 
not used by the weather bureaus of the 
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United States and Canada in gathering 
facts about the weather? (1) Pilot balloons; 
(2) theodolites; (3) barometers; (4) ther- 
mometers; (5) radar; (6) radiosondes; 
(7) floating weather stations, (8) artificial 
rain-making; (9) wind gauges. 


SCIENTIFIC PRINCIPLES - 1. "An increase 
in temperature at any locality results in an 
increase in the rate of evaporation there. 

2. PAn increase in the rate of evapora- 
tion results in a greater amount of water 
vapor in the air. 

3. "The higher the temperature of the 
air, the more water vapor it can hold. 

4. "The warmer air becomes, the drier 
it becomes if its water content is constant. 

5.PAs water vapor condenses, it gives 
up heat. 

6. "When water is heated, it evaporates 
into water vapor. : 

7. "When water vapor is cooled enough, 
it condenses into liquid water or solid water 
(frost, sleet, ice, or snow). 

8. Evaporation and condensation fol- 
low each other in endless succession, making 
up the water cycle. 


9. "In general, the more nearly ver- 
tically the sun’s rays strike an area, the 
greater is the amount of radiant energy 
that the area absorbs and the less that it 
reflects. 

10. "In general, the more nearly ver- 
tically the sun’s rays strike an area, the 
warmer that area becomes. 

11. "In general, the rougher a surface is, 
the faster it heats in the sunshine. 

12. Dark-colored surfaces absorb more 
radiant heat than light-colored ones. 

13. "Unequal heating of the air results in 
unequal air pressures. 

14. "The greater the difference between 
the atmospheric pressures at two points, the 
stronger will be the wind that blows be- 
tween them. 


SCIENTIFIC TERMS 


air mass humidity 
tanti-cyclone *precipitation 
*condensation relative humidity 
{cyclone *velocity 
jdew point *water vapor 
front *weather 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
Plan an experiment to determine the ac- 
curacy of the weather predictions of the 
United States Weather Bureau or the 
Canadian Meteorological Service for your 
community. Which of the elements of 
scientific method will you use in your €x- 
periment? 


CONSUMER SCIENCE - 1. State as many 
reasons as you can why accurate weather 
predictions are important to you. 

2. What articles in your home are likely 


to be damaged by long periods of low 
relative humidity? 

3. How does the use of smudge pots and 
other devices for preventing frosts reduce 
the cost of your family’s food purchases? 

4. If the air in your home is too dry, 
how may its dryness increase your fuel bill? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. In cold winter weather the air 
in our homes may be drier than the air above 
the driest parts of California and Arizona. 
Explain. 
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Cumulus clouds above and nimbus clouds be- 


low. Such clouds accompany an advancing 
cold front. Can you identify the small cloud 
below the nimbus cloud? 


ES 


2. It usually rains in the vicinity of a 
volcano after an eruption. Why? Why is 
such a rain usually a 'mud-fall"? 

3. Since air is invisible, how can you ac- 
count for your being able to see a tornado? 

4. Perhaps you have heard somebody 
say, “Of course it’s hotter in the Southwest 
than it is here, but the air is drier. You 
can stand the heat better." Explain. 

5. What is meant by the statement that 
"fog rises." 

6. Why is a layer of snow a good in- 
sulator for keeping heat in the soil? 


7. Often on cold mornings the inside 
surfaces of the windows of an automobile 
are covered with moisture. Explain. 


8. Why are the interiors of refrigeration 
plants and cold-storage plants frequently 
filled with fog? 

9. At altitudes of 65 to 100 miles, winds 
of more than 1000 miles per hour have been 
measured. But these winds would affect an 
airplane no more than a wind of 1 mile per 
hour at sea level. Explain. 


EXPERIMENT : What is the rclative 
humidity in your school-room? ‘To answer 
this question, you will need to make a psy- 
chrometer. Loosely wrap three or four 
layers of cheese-cloth around a pencil. 
Slide the roll of cloth off the end of the 
pencil and slip one end of it over the bulb 
of a thermometer. Tie the cloth firmly to 
the thermometer with thread or string. Set 
up the psychrometer in the way shown in 
the illustration on page 163. Fan both 
thermometers vigorously. Does the reading 
of one or of both change? Continue the 
fanning until the readings of both ther- 
mometers remain constant. Record the 
temperatures indicated by both. 

To determine the relative humidity, first 
find the difference between the recorded 
temperatures of the two thermometers. 
Then, in the left-hand vertical column of 
the table on page 163, find the temperature 
of the dry-bulb thermometer. Starüng at 
the temperature of the dry-bulb thermome- 
ter in the left-hand column, move your 
finger horizontally until it arrives at the 
number in the column headed by the differ- 
ence between the thermometer readings. 
That number is the relative humidity of 
the room. How great is it? 

Why were you directed in this experi- 
ment to fan both thermometers before 
taking the thermometer readings? Why did 


VPsychrometer (si króm'e tér): an instrument for 


determining relative humidity. 
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the temperature of the wet-bulb thermom- 
eter fall? 


TOPICS FOR INDIVIDUAL STUDY - 
From a study of weather maps, prepare 
a report on the symbols used on weather 
maps to indicate weather conditions. Find 
the meanings of isobar, isotherm, and millibar. 
Make your report in your science class or 
science club. 


WHY NOT BECOME A SCIENTIST? - 
How is barometric pressure related to 
weather conditions? Every school day at 
noon, for one month, keep a record of the 
barometric pressure and the various pre- 
vailing weather conditions! as accurately as 

Page 137, col. 1. 


you can determine them. At the end of the 
month, study your record. Can you find 
what kind of weather most often occurred 
when the barometric pressure was high? 
when the barometric pressure was low? 


BULLETIN-BOARD DISPLAYS - Request 
your teacher to write to the United States 
Weather Bureau, Washington, D. C., re- 
questing the Educational Series of publica- 
tions. Display these publications on the 
bulletin board in your science classroom. 


SCIENCE IN THE NEWS - Watch the 
newspapers and news magazines for articles 
about unusual weather conditions. From 
the most interesting ones prepare a report 
for your science class or science club. 


MERE Un EGO UTE LTEM ET DERIT 


A psychrometer. 


What would be the difference between the readings 


of the thermometers if the air were saturated? 


Fahrenheit | 1° 


93 
94 
94 
94 
94 
94 
95 
95 
95 
95 
95 
95 
95 
95 
96 
96 


50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 


RELATIVE HUMIDITY 


Difference between Dry-Bulb and Wet-Bulb Thermometers 


9? |10*|11*|12*|13?|14*|15*|16*|17^|18* 
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CLIMATE AND LIFE 


1. How Does Climate Affect Living Things, Especially Man? 


“THE STORM OF '98" - Whenever "old- 
timers” discuss a recent big storm, they 
usually compare it with “the storm of '98" 
or with some other storm that occurred 
years ago. The recent storm usually seems 
to them to have been small and unimportant 
by comparison. One of them is likely to 
remark, “We don't have the kind of weather 
here that we used to. The climate is cer- 
tainly getting milder.” 

But the storm that an “old-timer” remem- 
bers as having been the worst is likely to 
have occurred in his childhood. He recalls 
it as it impressed him then. He forgets that 
the snow that was waist-deep to him was not 
much more than knee-deep to his father. 
He recalls his terror when the wind pushed 
him into the brimming puddle. He does 
not remember, however, that this wind did 
not greatly bother the man who pulled him 
out. 

Actually, many of the storms of today are 
just as severe as "the storm of '98." The 
“old-timers” have changed, but the climate 
has not. 


WHAT CLIMATE IS: “The climate of a 
locality is the average of all the weather con- 
ditions that have existed there for a long 
period of time. The weather is constantly 
changing. It never remains quite the same 
anywhere, even from one hour to the next. 
The climate changes, too. But, in contrast 
with the weather, it changes so slowly that 


the differences cannot usually be noted, even 
in several centuries. Thus, although Tam- 
bora's eruption! caused marked weather 
changes over many parts of the earth, it is 
not known to have caused any climatic 
changes anywhere (illustration, p. 165). 


VARYING CLIMATES : The climates of the 
polar regions are generally cold and dry,’ 
in spite of heavy snowfalls. In contrast, the 
climates of most tropical regions are gener- 
ally warm and moist. Those of tropical 
ocean areas are, of course, especially humid. 
Rains there are frequent and heavy. The 
climates of certain tropical land areas, how- 
ever, are warm and dry. An example of such 
an area is the Sahara Desert. There the 
rainfall is both infrequent and light. 

*These examples illustrate the principle 
that every locality has a climate that differs 
in certain respects from that of every other. 
The differences are due to a number of 
climatic factors. These include topography,’ 
prevailing winds,‘ ocean currents, altitude, 
and latitude. Those that are commonly 
present in any locality determine its climate. 


HOW CLIMATIC FACTORS OPERATE : 
Air Masses. The air masses that reach our 
western coast from the Pacific Ocean are 
humid. They travel generally cast-ward 
across the continent. When they reach the 

'Page 136, col. 2. *Page 139. 


*Use the Glossary for reviewing terms that have 
already been defined. ‘Page 148, il. 
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Winter sports (A) in Canada and the northern parts of the United States and (B) 
in the South and Southwest. Does this illustration apply chiefly to weather or to 
climate? Explain 


mountain ranges and ascend the slopes, they 
are usually cooled below their dew points. 
Much of their moisture is therefore precipi- 
tated as rain or snow on the western slopes. 
Corisequently these slopes have wet climates. 

By the time the air has passed over the 
mountains, it has become relatively dry. 
Therefore the higher mountain areas have 
dry climates. Rarely do they have heavy 
rainfalls or deep snowfalls. 

Where the dry air from high mountain 
areas passes next over warm low-land, desert 
climates may result. Such climates are found 
in the arid regions of the Southwest. 

Water masses. Large bodies of water 
tend to make the climates of the localities 
near them less extreme in temperature. To 
illustrate, in summer the Great Lakes and 
the oceans absorb great quantities of radiant 
heat energy. Yet their temperatures rise 
slowly and only a few degrees." In winter 
they give up this heat energy as they slowly 

lPage 95, col. 2. 


cool. As a result, the adjacent land areas 
are neither so warm in summer nor so cold 
in winter as they otherwise would be. 

Ocean currents are caused chiefly by 
winds. Convection, however, is also a fac- 
tor. The unequal heating and cooling of 
great masses of water aid the circulation. 

Ocean currents greatly affect the climates 
of the land areas along the shores of which 
they flow. To illustrate, the warm Gulf 
Stream, flowing north-ward is an important 
factor in producing the pleasant winter 
climates of the southern Atlantic states. The 
cold Labrador Current, flowing south- 
ward, makes more severe the climates of the 
Canadian Maritime Provinces and of New 
England. The Japan Current, sweeping 
across the Pacific Ocean, moderates the 
coastal climates of the Pacific states, British 
Columbia, and southern Alaska. 

Large bodies of water tend also to influ- 
ence local climates along their shores by 
causing land breezes and lake or sea breezes. 
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A, sea breeze; B, land breeze. Can you ex- 


plain why the air currents blow in the directions 
here indicated? 


eee 


Sea breezes or lake breezes and land 
breezes as climatic factors. During a 
summer’s day the shore of the ocean or of a 
large lake is heated to a higher temperature 
than the water. Consequently the air above 
the land likewise becomes warmer. It ex- 
pands and becomes less dense. As it does so, 
its pressure becomes less! than that of the air 
over the water. Hence the cooler, denser 
air at higher pressure above the water flows 
over the shore as a sea breeze or a lake 
breeze. It cools a strip bordering the water, 
perhaps 20 miles wide. On some ocean 
beaches the sea breeze in the afternoon is 
usually strong and sometimes uncomfortably 
cold (illustration above). 


1Page 149, col. 1. 


After sun-down the water does not cool 
many degrees, but the land does. Conse- 
quently, as the temperature of the air over 
the land approaches that of the air over the 
water, the breeze "dies." When the land 
becomes colder than the water, a new 
breeze starts. But now the greater air pres- 
sure is over the land. Therefore the breeze 
is a land breeze. It blows off-shore, from 
the land toward the water. 

Altitude. "In general, the higher the 
altitude, the colder is the climate, Hence 
the mountain states and provinces are cool 
in summer and cold in winter. 

Latitude. "In general, as would be ex- 
pected, the greater the latitude, or distance 
from the equator, the colder the climate of a 
place is likely to be. 


CHANGING INDOOR CLIMATES BY AIR- 
CONDITIONING - *There are many types of 
air-conditioners. They differ greatly in de- 
sign, and they operate in various ways. 
But all must accomplish the same results. 
They must cause the circulation, through a 
house or other building, of clean air that has 
a healthful and comfortable temperature 
and relative humidity. In the air-condi- 
tioning process, therefore, it may be neces- 
sary either to heat or to cool the incoming 
air. At the same time it may be necessary 
either to increase or to decrease its moisture 
content.? The temperatures at which man 
works most effectively range between 60° F 
and 80°F. The most desirable relative 
humidity is about 50 per cent. 

First, in air-conditioning, air from out- 
side must be freed from dust? This dust 
removal is usually accomplished in one of 
two ways: Either the air is filtered through 
oil-soaked glass wool, or it is passed between 
plates that are charged with electricity. The 


?Page 137, ftnt. 3. 3Page 25. 
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dust particles collect on these plates, for 
reasons that will be explained later. If the 
cleaned air is too cold, it is warmed by some 
type of hot-air furnace. If it is too warm, 
its temperature is reduced by forcing it over 
cooling coils. These are made cold in much 
the same way as those in gas or electric re- 
frigerators.! If the air is too humid, mois- 
ture is condensed out of it by cooling it be- 
low its dew point. If the air is too dry, its 
relative humidity is raised as much as is 
necessary by evaporating water into it (illus- 
tration on this page). 


HUMIDITY AND HEALTH - Do you live 
in a highly humid climate? Do you have 
muggy weather during the summer where 
youlive? Muggy weather is warm weather 
that is accompanied by high relative humid- 
ity. It makes us uncomfortable because 
it reduces the efficiency of the "cooling sys- 
tems" of our bodies. How it does so is 
explained thus: 

*We are constantly perspiring, more or 
less. Our skins are always covered with a 
film of moisture. There is constant evapora- 
tion of this moisture. The heat that evapo- 
rates perspiration is supplied chiefly from 
our bodies. As a result, we are prevented 
from becoming too warm. 

*If the relative humidity is low, the per- 
spiration quickly evaporates from our skins. 
We may need to put on an extra garment to 
prevent our becoming chilled if we have 
been exercising vigorously and are perspir- 
ing freely. But if the relative humidity is 
high, the amount of perspiration that is 
evaporated is relatively” small. Not enough 
may continue to evaporate to keep us com- 
fortable. 

A condition like extremely muggy weather 


Pages 118, col. 2, and 119, col. 1. 
?Page 139, ftnt. 2. 


often develops in poorly ventilated rooms in 
which people are crowded together. Even 
though the room temperature may not rise 
many degrees, the people soon feel uncom- 
fortably warm. They perspire more and 
more freely. The perspiration forms an in- 
sulating layer over the body surfaces. More- 
over, as the perspiration evaporates, the 
resulting water vapor forms a more and 


nn 


A home air-conditioner. All the air passes 
through the air-filters. Consumer Science: 
From local dealers secure advertising literature 
about home air-conditioners. A report on this 
topic would be an interesting program num- 
ber for your science club 


Carrier Corporation 
Connection with air duct — — 


Heating 
section 


AYER 


Refrigerating 
unit 
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more humid blanket of air around them. 
Consequently less and less perspiration con- 
tinues to evaporate. Therefore the people’s 
body heat and hence their discomfort in- 
crease. In extreme cases of this sort, people 
have sometimes died. 

*You will no doubt recall the statement 
that the most important function of ventila- 
tion is to cause air to circulate.’ ‘The cir- 
culation of air reduces mugginess. It sub- 
stitutes somewhat less humid air for highly 
humid air. Thus it makes possible more 
evaporation of perspiration and conse- 
quently increased cooling of our bodies. 
Air-conditioning is still more effective than 
ordinary ventilation in reducing mugginess. 
It supplies not only air that is circulating, 
but air of comparatively low relative hu- 
midity. 


CLIMATE AND LIFE - "The kinds of plants ` 


and animals, except man, that are found in 
any place are the ones that are suited to 
the climate there. Plants and animals not 
suited to the climate of a place either die 
out, or the animals leave that locality in 
search of areas with climates more suitable 
to them. 

In general, the tropical climates are the 
ones most favorable to life, and the polar 
climates the ones least favorable. Hence in 
the tropics there are more kinds of plants 
and animals than in other regions. Also, 
in general, there are, in the tropics, greater 
populations of the various kinds. There are 
fewer living things in the temperate zones 
and fewest in the polar regions. Near the 
poles there is practically no life. 

The statements just made are true gen- 
erally. But there are many exceptions. To 
illustrate, not all parts of the tropics have 
abundant life. Deserts and high tropical 


1Page 110, ftnt. 1. 


plateaus do not. Their climates are unfavor- 
able to most kinds of living things. To illus- 
trate again, there are parts of the arctic 
regions that, during the summer, have great 
populations of such animals as birds and 
seals. But these animals cannot survive the 
winter climates of the far-northern regions. 
Consequently, as winter approaches, they 
migrate? southward to places where the cli- 
mates are warmer. Bears, squirrels, snakes, 
and many other animals are able to exist 
in the climates of the Temperate Zones 
only by hibernating? during the winter. 
Also, many kinds of plants of the temperate 
and Frigid Zones are able to endure the 
cold climates by remaining dormant* during 
the winter (illustration, p. 169). 

Different climates exist at different alti- 
tudes, as well as at different latitudes. 
Therefore the plant and animal populations 
at different altitudes vary, as well as those 
found at different latitudes. Furthermore, 
the kinds of living things that live at higher 
altitudes correspond more or less closely to 
those found at higher latitudes. A striking 
illustration of this last statement is found in 
California, along the Palms to Pines High- 
way, which winds upward from Palm Des- 
ert toward the top of the San Jacinto‘ 
Mountains. In about an hour’s drive up this 
highway, a gradual changing of plant and 
animal forms is noted, from kinds that can 
survive only in a dry, almost tropical climate 
to kinds much like those living in northern 
Canada. 


CLIMATE AND MAN - Man is the only an- 
imal that can carry on its life activities in 
any climate. Man is able to do so because 


?Migrate (mi'gràt): to seek a new home, usually 
during the summer or the winter. 

*Hibernate (hi'bér nat): to pass the winter in a 
dormant (dór'mánt), that is, torpid (tór'ptd), or in- 
active, state, much like sleep. ^7acinto (ja sín'to). 
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Woodchuck 


Sea turtle 


m 


Salmon 


Topic for Individual Study: Other animals that migrate and other animals that 
(Consult textbooks of biology and encyclopedias) 


[169] 


hibernate. 


he alone has sufficient scientific knowledge 
and can apply it. Human beings thrive best, 
however, in the Temperate Zones and at 


fairly low altitudes. There they find the 
climates most favorable to their successful 
existence. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 164-170. 1. The 
climate where you live is certain not to have 
changed much since your grandfather was 
a boy. 

2. Name six climatic factors. 

3. Only a few of the factors that determine 
weather are the same as those that determine 
climate. 

4. State three ways in which air-condi- 
tioners improve the indoor climate. 


5.In general, plants and animals live 
in the climates that are best suited to their 
life habits. 

6. Some animals are able to endure the 
severe winter climates where they live, by 
migrating. 

7.'The most healthful relative humidity 
is about (1) 10 per cent; (2) 30 per cent; 
(3) 50 per cent; (4) 70 per cent; (5) 100 
per cent. 


8. Plants and animals that resemble 
kinds living in northern Canada are more 
likely to be found near the bottoms than the 
tops of mountains. 

9. The climate most favorable to man is 
found in the tropics. 


SCIENTIFIC PRINCIPLES - 1. "In general, 
the higher the altitude, the colder is the 
climate. 

2. PIn general, the greater the latitude, or 
distance from the equator, the colder the 
climate of a place is likely to be. 

3.?The kinds of plants and animals 
(except man) that are found in any place 
are the ones that are suited to the climate 
there. 


SCIENTIFIC 'TERMS 


1migrate 
*perspiration 


dormant 
hibernate 


*climate 
conditioned air 


Applymg and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
1.In the story about "the storm of '98" 
(p. 164), which scientific attitudes do the 
“old-timers” lack? 

2. Using the elements of scientific method, 
plan an experiment that will show that soil 
heats and cools more rapidly than water. 


CONSUMER SCIENCE - 1. Illustrate or ex- 
plain the following statement: The climate 
determines the kind of clothing that is worn. 
What other things that you use every day 


are largely determined by the climate in 
which you live? 

2. List facts that you should know about 
your local climate if you plan to air-con- 
dition your home. 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. Why is fog an important climatic 
feature along many sea-coasts? 

2. What advantage do you gain from 
fanning yourself during hot, and especially 
during muggy, weather? 
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3. What climatic conditions are typical 
of all deserts? Consult a big dictionary. 

4. Name some of the factors in your local 
climate that are desirable. Name others 
that are undesirable. 


TOPICS FOR INDIVIDUAL STUDY - 1. 
How do the small air-conditioning units 
that are installed in automobiles and in 
windows of homes function? Suggest that 
your class elect a representative to secure 
from local dealers advertising materials for 
these devices that describe their construc- 
tion and operation. A report based on these 
materials would serve as an excellent pro- 
gram number for your science club. 

2. Ask the librarian in your school or 
public library to help you to find informa- 
tion about the average annual and average 
monthly precipitation in your state or 
province. Draw a graph that shows the 
average number of inches of precipitation 
for every month of the year. You can 
present the facts in a bar graph like that on 
page 133; or in one that has the bars side 
by side; or in a circle graph like that on 
page 24. During what month is the pre- 
cipitation greatest? least? Report your 
findings to your science class or science club. 
Put your graph on the bulletin board. 

3. Many people migrate south in the 
winter and north in the summer. Suggest 
that your class elect a member to secure 
from travel agents materials that describe 
the desirable features of several winter and 
several summer vacation resorts. If possible, 
resorts in different parts of the country 
should be represented. Examine the ma- 
terials. See whether you can find some 
advantages that are claimed for all sum- 
mer or for all winter resorts. Find examples 
to indicate that the advantages claimed 
depend chiefly on the climates of the in- 
dividual localities. 


WHY NOT BECOME A SCIENTIST? - 
When is the growing season in your com- 


toody, from Western Ways 
Make up questions that this illustration of a 
desert region suggests. One such question 
might be this: “Where do the desert animals 
find water to drink?” 


aaastal 


munity? If you live in a farming com- 
munity, observe the different crops that are 
grown there. Which ones are set out early 
in the spring? Which ones, late? Find, if 
you can, whether protection from unfavor- 
able weather is provided and, if so, what 
sorts of protection. What crops mature 
earliest? What crops, latest? Keep a record 
of your observations. What do your records 
indicate to be the length of the growing 
season in your community? 

If you live in a city, note in a park the 
time when the new leaves begin to grow on 
the trees that are not evergreens. Watch 
certain trees and certain limbs on them to 
find how long they continue to grow. 
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BULLETIN-BOARD DISPLAYS - 1. On 
page 169 are drawings of animals that hi- 
bernate and animals that migrate. In en- 
cyclopedias, magazines, and often in the 
daily newspapers you will find accounts of 
many other animals that belong in each of 
these two groups. You can make for the 
bulletin board a list of these animals, 
along with a short paragraph about each 
animal, describing its way of hibernating 
or migrating. Or, if you are clever at 
drawing, you can prepare an even more 
interesting bulletin-board display by mak- 
ing drawings of the various animals in the 
two groups, in much the same way that the 
artist did for the groups on page 169. Along 
with your groups of drawings, take careful 
notes of the hibernating or the migrating 
habits of each kind of animal, to use when 
you make an illustrated talk before your 
science club or your science class. 

2. Estivation is in many ways like hiber- 
nation. Moreover, many of the animals 
that hibernate also estivate. Prepare a 
bulletin-board display to illustrate estiva- 
tion, similar to one of the two suggested 
above for hibernation. Prepare for use with 
the group of drawings, if you make one, an 
explanation of the similarities and differ- 
ences between estivation and hibernation. 
Prepare, also, a description of the estivating 
habits of the animals included in your group 
of drawings, to be given as a report before 
your science club or your science class. 

3. If you are clever at drawing, prepare 
a set of two drawings to illustrate the same 
phenomena as those illustrated on page 166. 
See how original you can be in devising 
drawings that, except for tbe essential 
features of the land and sea breezes, are as 
different as possible from the drawings on 
page 166. 

4. Mountain and valley breezes blow for 


much the same reasons as do land and sea 
breezes. Consult an encyclopedia to find 
the causes and nature of mountain and 
valley breezes. Make a pair of drawings, 
similar in general to those illustrating land 
and sea breezes on page 166, to illustrate 
mountain and valley breezes. Prepare an 
explanation of these breezes to be given 
before your science club or your science 
class. 


SCIENCE IN THE NEWS : 1. Often in the 
newspapers, news magazines, and other 
sources there are articles on climatic cycles. 
Watch for them and when you have enough 
material of interest on this subject, prepare 
a report on it to be given before your science 
club or your science class. 

2. Year after year, the “Capistrano swal- 
lows" are reported to leave the old Spanish 
mission at Capistrano, California, on their 
migration south in the fall, and to return to 
the mission in the spring, on exactly the 
same dates every year. In the fall and 
spring watch the newspapers for articles 
about the departure and return of these 
birds. Use the information that you thus 
secure for a brief report before your science 
class. 


COMMUNITY APPLICATION OF SCI- 
ENCE - Make a study of your community to 
discover as many ways as you can in which 
preparations are made for the changing 
seasons. If you live in the northern part of 
the United States or in Canada, you will 
observe such preparations in the fall as 
putting on storm windows and putting 
away window screens. If you live where the 
winter climate is cold, you may report the 
changing of "regular" automobile tires for 
special ones designed for use on snow or on 
sleety or icy streets and roads. 
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UNIT FIVE 


ASABE www 3 SS ww wo wow www www ww n9 www» www 


LIGHT IN OUR CIVILIZATION 


Ansco 


Milestones of science—five means of artificial lighting. Can you identify them? 
What other means of artificial lighting can you name? 
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LIGHT IN DAILY LIFE 


1. What Is Light, and How Is It Produced? 


HEAT AND LIGHT - The “pot-bellied 
stove" is famous in stories of earlier times. 
It was used all over the country to heat 
houses, railroad stations, and other build- 
ings. It got its name from its bulging shape, 
which suggested that of a fat little man.' 

Soon after à fire had been lighted in the 
stove, the iron sides began to give off radiant 
heat. As the stove became hotter, of course 
it gave off more heat. Before long, some of 
the iron body began to be incandescent.’ 
It began to glow with a dull-red color. It 
was then beginning to give off some light 
along with much radiant heat. As the stove 
became hotter and hotter, the dull red 
changed to a brighter red. Finally, if the 
stove became hot enough, the bright red 
changed to a brilliantly glowing white. In 
other words, the white-hot part was highly 
incandescent. 


CLOSELY RELATED FORMS OF RADIANT 
ENERGY. The description just given sup- 
ports the statement made earlier? that radi- 
ant heat and light are closely related. 
When the stove began to get hot, it gave off 
infra-red‘ rays, or radiant heat. When the 
sfove became incandescent, it gave off both 


1A pot-bellied stove is a prominent object in the 
illustration on page 431. 

?Page 111. 

*Incandescent (in kän dés’ént): hot enough to give 
off light. Zncandescence (in kan dés'éns): state of being 
incandescent. 

‘Page 118, ftnt. 2. 


light waves and heat rays? Also, the in- 
candescent stove gave off some ultra-violet® 
rays. Light waves are “in the middle,” be- 
tween infra-red and ultra-violet rays. Ultra- 
violet rays are important in some types of 
lamps. These types will be discussed in this 
unit. 

Still other forms of radiant energy will be 
introduced later. But of all the forms, light 
is the only one that we can see. 

All forms of radiant energy travel in 
waves and in straight lines (illustration, p. 
176). Also, they travel at a speed of about 
186,000 miles per second.? An airplane on 
a non-stop flight, traveling at the rate of 
300 miles per hour, would require 620 
hours to go as far as that. 


LUMINOUS AND NON-LUMINOUS OB- 
JECTS - The sun and other stars, fires, and 
burning lamps are luminous’ objects because 
each is a source of light. Luminous objects 
are visible, even when darkness is all about 
them, because of the light that they produce. 

Most objects are non-luminous. People's 
faces, mirrors, mud, and even the moon are 
familiar examples of non-luminous bodies. 
You could easily name a hundred others. 


5In discussions of the forms of radiant energy, rays 
and waves may be considered to have the same mean- 


ing. 

“lira (ül'trà): beyond. Thus ultra-violet means 
"beyond the violet"—applied to waves that are 
shorter than any light waves. 

Luminous (^mt nüs). 
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Such bodies do not produce light., Prac- 
tically all of them merely reflect some of the 
light that reaches them from a luminous 
body. Thus they are illuminated.’ If they 
were not, we could not see them. A few, 
like colored glass, can be seen by the light 
that passes through them. 


SOURCES OF LIGHT - Natural light. Of 
all the luminous heavenly bodies, the sun is 
the only one that supplies the earth with a 
noticeable amount of light. The others are 
too far away, even though countless stars 
give off more light than our sun. 

The sun and these other stars give off 
light because they are intensely hot. But 
not all naturally luminous bodies are incan- 
descent. Some glow with ‘‘cold light," or 


illuminate (f 1a’mi nat): to light up; to reduce or 
eliminate darkness. 


United States Army 
Search-lights. *Darkness is the absence of light. A shadow is a space from which 
part or all of the direct light has been cut off. Why does the outline of a dark 
shadow of a house have straight lines? How does this picture illustrate that light 
travels in straight lines? 


light that is produced along with relatively 
little heat.” 

Artificial light. Less than a century 
ago all artificial light was produced by burn- 
ing some sort of fuel (illustration, p. 174). 
The burning fuel was incandescent. About 
eighty years ago, however, Swan and Edison 
invented the incandescent electric lamp. In 
it light was produced by an incandescent 
filament.* Within the last few years fluores- 
cent! lamps have come into use. They glow 
with “cold light.” How they operate will be 
explained later. 

Electric lamps are now the most common 
sources of artificial light. Yet lamps that 


?Page 186, “Topic for Individual Study.” 

*Filament (fil'à mënt): a thread-like length of metal 
or carbon, which becomes incandescent when electric 
current flows through it. 

4Fluorescent (floo o rés'ént). 
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produce light by burning kerosene, gasoline, 
or fuel gas are still widely used, especially in 
rural areas. 

Every lamp, candle, torch, or other light- 
ing device that burns fuel produces light 
from a burning gas. When any of these fuels 
is heated enough, compounds of carbon and 
hydrogen that compose it are changed by 


the heat to gases. These ignite and give off 
light. Most of them, however, produce their 
light chiefly from unburned particles of 
carbon that are in the flame and that are 
made incandescent by the heat. Modern 
types of kerosene and gasoline lamps give 
increased illumination from a mantle, which 
is made incandescent by the burning gas. 


2. How Does Light Reach Our Eyes? 


"LOST LIGHT” - Whenever a station at- 
tendant services an automobile, he usually 
cleans not only the windshield, but also the 
glass of the head-lights. Everybody knows 
how important it is to keep windshields 
clean. But not many know that, for night 
driving, clean head-lights are quite as im- 
portant as clean windshields. Lighting en- 
gineers have found that the dust and mud 
that collect on head-lights may reduce by 
three quarters the amount of light that the 
lamps can furnish. The glass itself is trans- 
parent.! But, as it becomes dirty, it becomes 
translucent? because the particles of dirt on 
the glass are opaque.? 

Whether any substance is transparent, 
translucent, or opaque depends on how 
completely it transmits light. Light is trans- 
mitted by a substance when the light waves 
pass through it. 


TRANSPARENT, TRANSLUCENT, AND 
OPAQUE SUBSTANCES - Anything is trans- 
parent if light passes through it readily 
enough so that objects can clearly be seen 
through it. Glass, air, and cellophane are 
common transparent substances. No doubt 
you can think of others. 


Transparent (träns pér'ént). 
?Translucent (trins là/snt). 
*Opaque (6 pak’). 


Anything is translucent if it transmits 
some light, but not enough to permit objects 
to be seen through it clearly, if at all.* Fog, 
frosted glass, and glass bricks are translucent 
(illustration, p. 178). So also, probably, are 
the window shades in your home. Near ob- 
jects can be recognized through fog. But 
objects cannot be distinguished through 
frosted glass, glass bricks, or window shades. 

Anything is opaque if no light passes 
through it, or, in other words, if it transmits 
no light. Nothing can be seen through an 
opaque object. Familiar opaque materials 
are wood, heavy cloth, cardboard, and 
metals. Some bodies that we think of as 
being transparent are translucent or even 
opaque if they are thick enough. For ex- 
ample, a little water is transparent. Deeper 
water is translucent. A layer of water about 
1000 feet deep is opaque.5 Light can pene- 
trate only about as far as that, even through 
clear water. Below that depth is darkness. 


. CHANGING THE DIRECTION OF LIGHT 
WAVES - By reflection. We cannot see 
pure air, because it is perfectly transparent. 


4Some scientists do not distinguish between trans- 
parent and translucent. They consider that any sub- 
stance through which any light is transmitted is more 
or less translucent. 

SPages 75 and 76, col. 1. 
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5 mM 
Kimble Glass Company 


A glass-walled school in Texas. What advantages do you think are derived from 
the use of glass bricks here? After you have studied the rest of this section, review 
your answer to see whether you would like to change it 


We can, however, often see dust in it by the 
light that the dust reflects. No doubt you 
have seen sunshine reflected from the dust 
along a bright “path” across a barn, attic, 
or dusty room when the light entered 
through a crack. 

*PWhenever light strikes an opaque body, 
part of the light is reflected, and the rest 
is absorbed.! The part absorbed is changed 
from light energy into heat energy. As a 
result, the temperature of the body is raised 
slightly. "Whenever light strikes a trans- 
parent or a translucent body, part is re- 
flected, part passes through the body, and 
the rest is absorbed. 

When light from any object strikes a 
smooth, polished surface, like that of a 
mirror, it is reflected in such a way as to 


IPage 112, col. 1. 
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show an image? of the object (illustration, 
p. 173). Thus you see the image of your 
face in a mirror by the light that is reflected 
from your face to the mirror and then from 
the mirror to your eyes. When, however, 
light from an object is reflected from a rough 
surface, no image is reflected from the sur- 
face, because the reflected light is scattered 
in all directions. Thus, if you shine a flash- 
light on white paper, light is reflected from 
the surface of the paper, but no image can 
be seen on the paper, as in a mirror. Such 
reflection of light from a rough surface is 
called diffusion.’ The light that is thus re- 
flected is diffused! light. When automobile 
lights shine into fog or smoke, the white 

?Image ({m'tj): a likeness such as one sees in a mir- 
ror or a photograph. 

3* Diffusion (di fü'zhün). 

Diffuse (d fiz’). 
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haze that you see is caused by the diffusion 
of the light rays from the surfaces of the fog 
droplets or the smoke particles.! 

Reducing driving hazards with reflected light. 
You are familiar, no doubt, with the glass 
highway markers. These are visible at 
night by the light that they reflect from the 
headlights of cars. Recently a tape has been 
invented whose surface is covered with 
minute glass beads. These reflect light in 
the same way as do glass highway markers. 
The tape can be used to make pedestrians,” 
cars, and other objects clearly visible on 
highways at night (illustration on this page.) 

By refraction. Look through an ordinary 
window at a shingled roof or a brick wall. 
Move your head slowly this way and that. 
The shingles or the bricks will seem to move 
and to change their shapes somewhat, as 
your eyes move. Why? For the following 
reasons: 

You see the shingles or the bricks by the 
light that is reflected from them to your eyes. 
But before this light can reach your eyes, it 
must pass through the air, next through the 
window glass, and then through the air 
again. The glass is denser than the air. 
Furthermore, Pwhenever light passes from 
one transparent substance into another of 
different density,? it is refracted,* or bent. 
Therefore the light from any part of a shingle 
or brick does not follow a straight path to 
your eyes. It changes its direction twice. 
It is bent once when it leaves the air and 
enters the window glass. It is bent again 
when it leaves the glass and enters the air 
where you are. Ordinary window glass, 
however, is not uniformly thick. Hence, as 

1Page 25, col. 2. 

2Pedestrian (pē dés'tri än): one who is traveling on 
foot. Page 109, ftnt. 3. 

4Refract (rē frákt'). There would be an exception 
to this principle if the light should strike the surface 
of the glass vertically. 
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you move your head, the light that comes to 
your eyes from any part of a shingle or brick 
passes through different thicknesses of glass. 
The rays of light from the various parts of 
the object are bent at different angles. 
Consequently the outlines of the bricks or 
shingles seem to shift about (illustration, 
p. 180). 

The bending of light rays, or the changing 
of their directions, as they pass out of one 
transparent substance and into another of 
different density is called refraction? (illustra- 
tion, p. 181). Practical use is made of re- 
fraction in fitting eye-glasses. Each lens is 
given the proper surfaces and thicknesses, 
so that the light will be refracted in exactly 
the right way to produce clear vision. 


5Refraction (rē frák'shün). 


Is the car whose head-lights are reflected from 
the tape on this boy, in front of him or behind 


him? Explain 
Minnesota Mining and Manufacturing Company 


© Bausch & Lomb Optical Company 


A 


A, nearly a thousand years ago Alhazen! recorded his observation that a stick 
seems to become bent when thrust into water. Can you explain why? B, why 
does the fish appear to the kingfisher to be nearer the surface of the water than it 
is, and the bird appear to the fish to be farther from the surface than it is? 


‘Alhazen (Al há zén’): Arabian scientist; lived, 965?-?1039. 


3. How Is Color Related to Light? 


A STRANGE PHENOMENON : “The fiery- 
red sun” is a common expression. The sun 
does seem to have a reddish tint at sunrise 
and sunset.! Also, it usually looks red at any 
time of day if the air contains much dust or 
smoke. But actually the sun is nearly white. 
One Sunday in September, 1950, however, 
the people in many parts of the United 
States and Canada saw a strange and dis- 
turbing sight. The sun looked blue! Fur- 
thermore, it was not dazzlingly bright, but 
could be looked at directly without discom- 
fort. At the same time the sky was an unreal 


Pages 184, il., and 185, col. 2, No. 2. 


yellowish red, unlike any sky color that the 
observers had ever seen before. 

Many people were frightened, as many 
people always are whenever some unusual 
phenomenon? occurs. Some thought that 
a tornado was "in the making," even though 
a typical “tornado sky” is greenish. Others 
thought that the sun looked blue and the 
sky red because of the explosion of an atom 
bomb somewhere. Still others thought that 
the end of the world was at hand. 

The Weather Bureau, however, promptly 
explained the unnatural appearance of the 


*Page 90, ftnt. 6. 


[180] 


sun and the sky. Fierce forest fires had been 
raging in northern Canada. For a week the 
smoke had remained over the fire area, get- 
ting thicker by the hour. Finally an air 
mass! carried the smoke eastward in a thick 
blanket. The passing of the sunlight through 
the thick smoke produced the unusual color 
effects. 


LIGHT AND COLOR - If you should let 
sunlight strike an edge of a glass prism at an 
angle, you would expect the light to be re- 
fracted as it passed into and out of the glass. 
It would be. But the beam, as it passed out 
of the opposite side of the prism, would be 
fan-shaped and would consist of bands of 
colors (illustration, p. 182). You would in- 
fer? that white light is not made up of white 
rays, but is composed of rays of many colors. 
Your inference? would be correct. You 
could probably distinguish red, orange, yel- 
low, green, blue, indigo, and violet. You 
would not, however, be able to distinguish 
thousands of “in-between” colors of light 
that are parts of sunlight, along with the 
seven colors named. If all the colors of light 


1Page 150, col. 1. *Page 16, ftnt. 1. 


that were separated by the prism were again 
brought together, the resulting beam would 
be white light (sunlight). 

A prism “breaks up" light into its separate 
colors because the different-colored rays are 
refracted at different angles. The red rays 
are refracted least and the violet most, as 
the illustration shows.? 

When sunlight passes through falling rain, 
spray, or mist, the drops of water separate 
the light into colored rays, as prisms do. 
We see the separated colors as a rainbow. 


COLORS OF OBJECTS - As has been indi- 
cated, some materials transmit light more 
readily than others. Also, some materials 
reflect light more readily than others. But 
different materials not only transmit and 
reflect different amounts of light, but also 
transmit and reflect different colors of light. 
The color of a non-luminous object is the 
color of the light that passes through it or 
that is reflected from it. 

‘Separating the colors in a beam of light by means 
of a prism is called dispersion (dis 'par'shtin). The band 
of colors make up a visible spectrum (spék'trüm). 


*Page 177, col. 2. 
*Page 178. 


Three beams of light reflected from an opaque lamp shade and then refracted by 
a prism, a concave lens, and a convex lens. How many times are the beams bent 


in passing into and out of the prisms and the lenses? 


General Motors Corporation 


Concave lens Convex lens 


white light 


A beam of sunlight passing through a slit in a 
screen and being refracted by a prism. Can 
you name any precious stones or other objects 
that break up sunlight into its colored rays as a 
prism does? 


Color by transmitted light. You have 
probably noticed the colors of sunlight that 
has passed through a stained-glass window. 
Any part of a stained-glass window that 
transmits all the colors that make up the sun- 
light is colorless, just as clear window glass 


is. But any portion that transmits only part 
of the sunlight is colored. Moreover, the 
color that any part of the glass appears to 
have is actually the color of the light that 
passes through it. Thus red glass is glass 
through which red rays pass, blue glass is 
glass through which blue rays pass, and so 
on! (illustration, A, p. 183). 

Color by reflected light. The color that 
an opaque body seems to have is the color 
of the light that it reflects. Thus a flower 
appears red, yellow, or blue because it re- 
flects more red, more yellow, or more blue 
light than light of any other color. The rays 
that it does not reflect enter it and are ab- 
sorbed by 1t. 

If a body reflects all the colors in sunlight, 
then it is white. If it absorbs all the colors, 
then it is black. If, however, a pure-blue 
light were directed upon a red or a yellow 
rose, the rose would look black. The red or 
yellow rays that it could reflect would not 
be present, and all the rays of other colors 
would be absorbed by it (illustration, B, 
p. 183). . 

Colored objects usually do not appear in 
their true colors in artificial light. Why? 
Because not all the colored rays that they 
could transmit or reflect are present in the 
artificial light.? 


Checking What You Know 


PRE-TEST OR POST-TEST + (Do not write 
in this book.) Pages 175-177. 1. Heat 
rays, light waves, and ultra-violet rays are 
forms of ..?.. energy. 

2. The heat rays that are given off by a 
warm stove are ultra-violet rays and are 
longer than light waves. 


3. Ultra-violet waves are somewhat shorter 
than heat waves or light waves and are in- 
visible. 


4. Your hand is a luminous object, which 
can be seen only by reflected light. 

5. An example of a luminous object is 
(1) a dog; (2) a pencil; (3) an unlighted 
candle; (4) a watch dial and hands, visible 
in the dark; (5) somebody's eyes. 

6. Practically our only source of natural 
lights = errs 

1Page 185, col. 2, Nos. 3 and 4. 
?Page 186, col. 1, No. 8. 
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7. Most of the light from a candle or a 
bonfire comes from incandescent particles 
of carbon dioxide. 


Pages 177-180. 8. Which of the follow- 
ing substances is or are transparent, which 
translucent, and which opaque? (1) Plate 
glass; (2) this book; (3) a page of this 
book; (4) a glass of milk; (5) white electric 
lamps; (6) an illuminated clock dial; 
(7) tissue paper; (8) a silk lamp shade; 
(9) your ear; (10) your head. 

9. When sunlight strikes your hand, part 
of the light is reflected, part is changed to 
heat energy in your hand, and pari is trans- 
mitted. 

10. If you look directly down into a 
swimming pool, it will look shallower than 
it is because of --?-—. 

Pages 180-182. 11. The colored light 
rays from a diamond result from (1) re- 


fraction; (2) reflection; (3) diffusion; 
(4) dispersion; (5) fluorescence; (6) in- 
candescence; (7) phosphorescence. 

12. When you look at a white object 
wrapped in yellow cellophane, the object 
looks yellow because yellow light rays are 
chiefly reflected from the body through the 
cellophane to your eyes. 

13. A red automobile looks red because 
all the light waves of the other colors that 
strike the automobile are more nearly re- 
flected from it, and the red is more nearly 
absorbed by it. 

14. A white rose seen in red light would 
look red, but a red rose in red light would 


SCIENTIFIC PRINCIPLES - 1. "Whenever 
a body becomes hot enough, it gives off 
light, or becomes incandescent. 


A, color by transmitted light; B, color by reflected light. Can you explain 
why the light beams are labeled as they are? 
A 
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Clatworthy Colorvues 


A sunset on a Colorado lake. Why can no clear image now be seen in this lake, 
as it can in the lake illustrated on page 173? How do you explain 
the broken path of light across the water here? 


2. Whenever light strikes an opaque 
body, part of the light is reflected, and the 
rest is absorbed. 


3. Whenever light strikes a transparent 
or a translucent body, part is reflected, 
part passes through the body, and the rest 
is absorbed. 


4, "Whenever light passes from one trans- 
" IS P . 
parent medium into another of different 
density, it is refracted, or bent. 


5. Light travels in straight lines. 

6. "The different-colored rays of light are 
refracted in different amounts and hence 
are bent at different angles. 


SCIENTIFIC TERMS 


*diffusion *mirror *shadow 
limage topaque tspectrum 
Tinference *reflection Ttranslucent 
"light refraction Ttransparent 
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Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
1. On their way home from school, Jack 
and Ed were talking about their general- 
science class. 

“I didn’t know that light travels in 
straight lines until Mr. Bell proved that it 
does, today,” said Jack. 

“Proved it?" Ed objected. “He didn't 
prove it." 

“Well, he certainly did," Jack replied. 
"Didn't he show us an experiment that 
proved it? "There's something wrong with 
you if you don't think light travels in 
straight lines after seeing that experiment.” 

“I didn't say that I don't believe light 
travels in straight lines," said Ed. “I only 
said that Mr. Bell didn't prove that it does. 
You can't prove a principle with just one 
experiment.” 

*Ye-es," said Jack, thoughtfully, “I guess 
you're right about that. But just the same, 
that experiment is good enough proof for me.” 

“For me too, along with what it says in 
our book," Ed said. 

Which of the scientific attitudes are indi- 
cated in this conversation? 

2. On page 180, in the story about the 
blue sun, is the statement “Many people 
were frightened, as many people always 
are whenever some unusual phenomenon 
occurs.” Which of the scientific attitudes 
do such people lack? 


CONSUMER SCIENCE - 1. When driving 
in fog or heavy rain, why can a motorist see 
better if he uses the road (low) beam of his 
headlights rather than the distance (high) 
beam? 

2. Why is a white electric lamp more 
economical than a colored one? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. Can you explain the last sentence 
in the paragraph about “lost light” (p. 177)? 


2. When the sun is not too bright to be 
looked at, it usually appears yellow or red. 
But the sky, without clouds, always appears 
blue. The yellow or red sun and the blue 
sky are explained thus: The long yellow 
and red light waves are diffused less as they 
pass through the atmosphere than are the 
short blue ones. Therefore the yellow and 
red waves come more directly from the sun 
to our eyes. The diffused blue ones, how- 
ever, reach our eyes from all over the sky. 
Can you explain why the sky would always 
look black if there were no atmosphere? 
Can you explain why the sun nearly always 
looks red through smoke? 

3. Usually some light rays of many dif- 
ferent colors will pass through the same 
part of a colored-glass window. The light 
that then comes through on the other side 
is not a pure color. Instead it is a combina- 
tion of all the different-colored beams of 
which it is composed. Hence the glass 
through which it passes appears bluish red, 
yellowish red, or some other “in-between” 
eolor. What color do you think that the 
glass would be if light beams of all the dif- 
ferent colors passed through it with equal 
ease? 

4. Any colored rays of light that enter 
glass or any other transparent body, but do 
not pass through it, are absorbed. If all 
the colored rays are absorbed and none 
passes through, then the glass is black. 
Also, if light rays of a pure color—blue, for 
instance—are directed through a stained- 
glass window, only the parts through which 
this pure-colored light will pass have any 
color. If the pure color is blue, those parts 
are blue. All the rest are dark. What do 
you think happens to the light energy that 
is absorbed? 

5. Why should light be directed on the 
face of the person looking into the mirror 
rather than on the mirror? 
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Could you perform this experiment with a mir- 
ror whose width is less than the distance be- 
tween the two outer pins? 


6. Why should light clothing, rather 
than dark, be worn by persons who are 
walking along a highway at night? 

7. In what respects is the image of your 
face in a plane mirror different from the 
actual appearance of your face? 

8. Sometimes at parties or on the stage, 
light of various colors is thrown on the 
guests or the actors. Can you explain why 
the women’s gowns change color as the 
color of the light changes? 

9. If you look at a bottle of motor oil, it 
appears to have a dull blue-green color. 
But if you look through it, the oil appears 
to be yellowish orange. Explain. 


EXPERIMENT + Does the image of an 
object in a plane mirror seem to be nearer 
the face of the mirror than the object, 
farther from it, or at the same distance? 
Arrange a plane mirror and three pins, as 
indicated in the diagram on this page. Be 
sure that the face of the mirror is exactly 
vertical. With your eye at the level of the 
table top, carefully stick a fourth pin into 
the paper at any point along the direct line 


between the pin on the left and the image 
of the middle pin. In the same way stick a 
fifth pin somewhere on the line between 
the pin on the right and the image of the 
middle one. Draw a line along‘the bottom 
of the mirror to mark its position. Then re- 
move all the pins and the mirror. Draw a 
long line through the two pairs of pin- 
holes on the left and another through the 
pair on the right of the middle pin. Repeat 
the entire experiment, using another sheet 
of paper. Where the two lines cross on 
each paper is the image of the middle pin. 
Answer the question at the beginning of 
this experiment. 

What was the purpose of repeating the 
entire experiment? Which of the elements 
of scientific method does this second per- 
formance represent? 


TOPIC FOR INDIVIDUAL STUDY . Do 
you live where you see the flashing of fire- 
flies at twilight in summer? Have you ever 
seen a strange green light ("fox fire") 
around a rotting stump? Have you seen 
glow-worms in rotting vegetation? Are you 
familiar with Christmas-tree ornaments 
that glow in the dark? These are examples 
of *cold light.” Look in an encyclopedia 
under “Luminescence”! and ‘‘Phospho- 
rescence”? for an explanation of such phe- 
nomena. 


WHY NOT BECOME A SCIENTIST? - How 
does the construction of a ‘‘dark-field” au- 
tomobile mirror differ from that of an or- 
dinary mirror? Sometimes after dark the 
headlights of a car may strike the rear-view 
mirror of the car in front, “blinding” the 
driver of that car. * Dark-field" mirrors are 
now available, which eliminate the glare of 
light that they reflect. Examine such a 
mirror. How does it differ from an or- 
dinary rear-view mirror? How can it be 
adjusted to reduce strong light? 


Luminescence (li mt nés'éns). 
2Phosphorescence (fs fo rës'ëns). 


[186] 


LIGHTING AND VISION 


1. What Are the Characteristics of Some Modern Types of Lamps? 


"AS LIGHT AS DAY" - Does your school 
or your town have night football or night 
baseball? Outdoor games “under the lights" 
are now fairly common. Banks of powerful 
electric lamps around the playing field 
make the field itself seem almost “as light as 
day." But probably few parts of it or none 
actually are so well illuminated as that. Also, 
a playing field is a relatively small spot. 


Suppose that an entire great city, such as 
New York, had to be lighted as brightly and 
evenly at night as the sun lights it at noon. 
Could it be done? No. All the lamps, 
candles, other illuminating devices, and fires 
in the world would not together supply 
enough light (illustration below). 

How bright, then, is the sunlight on the 
earth? It is estimated that the illumination, 


Night baseball at Pittsburgh. What are the advantages and disadvantages of games 


played “under the lights” as compared with those played in daylight? 


E. J, Morgan, from Shostal 


The first practical electric lamp was invented 
by Edison! in 1879. In what respects does it 
resemble a modern electric lamp? 


1Thomas Alva Edison (&d'ts$'n): American inventor; 
lived, 1847-1931. 


$$ $$$ 


even in deep shadow, is as strong as the 
combined light of 500 standard candles! at a 
distance of 1 foot. In the open it sometimes 
is two hundred times as bright as that, or is 
equal to the light of 100,000 standard 
candles. 

On a bright moonlight night people often 
say, "It's as light as day outside tonight.” 
But is it? No, not ever. A scientist has esti- 
mated that if the sky were completely 
covered with full moons, their combined 
light would be only one sixty-fourth as 
bright as sunlight at noon. 

Lamps are at best a poor substitute for 
sunlight. Yet without artificial lighting, our 
modern civilization could not be main- 


tained. 
Page 203, il. A. 


KEROSENE, GASOLINE, AND GAS LAMPS - 
The modern kerosene, gasoline, and gas 
lamps give a bright, soft light. Moreover, 
unlike earlier types of such lamps, the 
modern ones are almost completely safe. 
Yet danger, though slight, accompanies their 
use. Kerosene and especially gasoline have 
low kindling points? Hence, when burned 
in lamps, they constitute a minor fire hazard. 
'There is always a chance that the burning 
lamps might be knocked over or broken. 
If this should happen, the spilled fuel might 
take fire or the lamp explode. 

*Gas lamps, or lamps that burn fuel gas, 
present some danger because carbon mon- 
oxide is often a partof the gas that they burn. 
Carbon monoxide? is deadly when breathed 
in even small quantities. This gas may get 
into the air of the room in dangerous quan- 
tities if the gas connections or fixtures leak. 


THE INCANDESCENT ELECTRIC LAMP - 
When the electric lamp first came into use, 
people called it "the light in a bottle." 
The “bottle” was a clear-glass bulb. In- 
side it there was a filament* of carbon ob- 
tained by charring? a bamboo fiber. The 
ends of this filament were attached to the 
ends of two copper wires. Through these 
wires the electric current would flow to and 
from the lamp when the current was “turned 
on.” The air was removed from the bulb, 
leaving in it an almost complete vacuum. 
The vacuum was necessary to prevent the 
filament from burning up as soon as it 
should become hot (illustration above). 

Such lamps had marked disadvantages. 
They became dimmer and dimmer with use. 
Also, the filaments easily became broken. 
Yet, when these first electric lamps became 


2Pages 103-104. 
*Page 176, ftnt. 3. 
5Char (char): to burn to charcoal. 


3Page 107, col. 2. 
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available, people thought them wonderful, 
as indeed they were. 

There are now thousands of types of elec- 
tric lamps. The commonest is the tungsten!- 
filament lamp, which is used chiefly for 
lighting homes and buildings. It is made 
in many forms and sizes, but each resembles 
in some features the first electric lamp. Its 
filament is a fine wire made of tungsten. 
Tungsten is a white metal that does not 
melt, even when highly incandescent. It 
does, however, tend, when white hot, to 
evaporate and the vapor to condense as an 
opaque film on the inside surfaces of the 
bulb. Also, if it is made intensely hot when 
oxygen is surrounding it, it burns up at once, 
as iron does under similar conditions. 

To overcome these disadvantages, the 
tungsten filament is sealed into a glass bulb. 
The air is then removed and replaced with a 


1 Tungsten (tüng'stén). 


mixture of nitrogen and argon.? This mix- 
ture prevents the burning of the tungsten 
and greatly retards, or delays, its evapora- 
tion. The inside of the bulb is usually 
frosted, so that the light from the incandes- 
cent filament is evenly diffused. 


THE FLUORESCENT LAMP : A fluorescent 
lamp consists of a long glass tube sealed at 
both ends. Its inside surface is coated with 
a fluorescent substance called a phosphor.’ 
A fluorescent substance is one that glows 
when ultra-violet rays‘ strike it. The air is 
removed from the lamp tube, and a small 
amount of argon or krypton? and a drop of 
mercury are added. 

When the lamp is “turned on,” the mer- 
cury is changed to a vapor. The mercury 
vapor gives off chiefly ultra-violet rays, but 


?Page 24. 8Phosphor (fós'fór). 


*Page 175. 
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Fluorescent street-lighting. Which of the three advantages of fluorescent lamps 


over incandescent lamps, stated on page 190, is obvious in this picture? 


Publie Lighting Commission, Detroit 


also some blue light waves. The ultra- 
violet rays are invisible. Nevertheless, they 
cause practically all the illumination that 
the lamp provides. As they strike the phos- 
phor, they cause it to fluoresce, or glow 
brightly. 

Advantages of fluorescent lamps. Fluo- 
rescent lamps are replacing incandescent 
electric lamps for much indoor lighting and 
even for some street and highway lighting 
(illustration, p. 189). They possess at least 
three important advantages over incandes- 
cent lamps: 

They produce a softer and less glaring 
light. 

They provide light of various pleasing 
shades of green, gold, blue, pink, red, ‘“‘day- 
light,” and white. These are produced with 
different phosphors or with special colored- 
glass tubes. 

They use much less electrical energy than 
incandescent lamps to produce light of the 
same strength. 

Danger from fluorescent lamps. *Fluo- 
rescent lamps present a real danger if they 
become broken. The phosphor dust, if 
inhaled, may seriously injure the lungs. 
Furthermore, if pieces of the broken tube 
cut the hands so that phosphor dust gets into 
the cuts, the wounds may become sores that 
do not heal. 

Safety rules to follow with fluorescent 
lamps. *When a tube has been broken, 
leave the room at once and remain out of it 
until the dust has settled. Later wet down 
the floor where the broken tube is. Do not 
pick up pieces of broken tube with your 
fingers. Never handle them without gloves. 
Sweep up the fragments with a brush and 
pan and wrap them in heavy paper. Wash 
the floor with a cloth and bury the cloth. 
Never break up a worn-out fluorescent tube. 
Do not place one or pieces of one in an in- 


cinerator.! It is best to bury the tube or its 
pieces. Keep the tubes away from children. 
Warn children against playing with such 
tubes or with any pieces of them that they 
might find. If anybody is cut by a broken 
fluorescent tube, consult a doctor at once. 


VAPOR LAMPS : All types of vapor lamps 
produce light by the passage of electricity 
through vapor in a sealed tube. In this re- 
spect they resemble the fluorescent lamp. 
But their light is produced by a glowing 
vapor instead of by a glowing phosphor, as 
in fluorescent lamps. 

All types of vapor lamps cost less to oper- 
ate than incandescent lamps that produce 
equally strong illumination. In addition, 
vapor lamps serve, better than any other 
types, certain purposes that will now be 
described. 

Mercury-Vapor Lamps. Man has not 
yet succeeded in making artificial white 
light like that of the sun. The best artificial 
sunlight lacks many of the colored rays that 
sunlight contains. Consequently slight dif- 
ferences in the color of objects cannot be 
distinguished in any artificial light. But in 
industries such as those that manufacture 
cloth and paper, fairly close matching of 
colors is essential. The best artificial light 
for this purpose is that of the mercury-vapor 
lamp. This light, however, is bluish rather 
than white. It causes people's skins to ap- 
pear greenish—a startling and unpleasant 
effect. 

Mercury-vapor lamps are widely used in 
photography. They are also extensively 
used in drafting offices, as well as in the in- 
dustries mentioned above. 

Ultra-violet rays kill many kinds of germs 
and molds. Hence special mercury-vapor 


Incinerator (ín sín'ér à tér): a special furnace for 
burning refuse to ashes. 
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lamps are used to sterilize’ foods with the 
ultra-violet rays that they produce. Also, 
they are used, to some extent, to sterilize the 
air in sick-rooms and in hospitals and 
nurseries. Special mercury-vapor lamps 
serve, too, as sun lamps. Such lamps, how- 
ever, can cause dangerous sun-burn unless 
they are used under a physician’s direction. 

The Sodium-Vapor Lamp. No doubt 
you have seen, along highways, lamps that 
give a strong yellow light. These are so- 
dium-vapor lamps. They are not suitable 
for indoor lighting, because their light gives 
objects unnatural colors. For example, they 
make people look greenish gray. But of all 
the types of lamps yet invented, they give 
the best visibility? outdoors at night, espe- 
cially when there is fog. Also, they are the 
cheapest to operate. 

Neon Lamps. Advertising signs of bent 
glass tubing that glow brightly with colored 
light are now a common sight. These tube 
lamps are generally called neon lights. 
Only the yellowish-red light, however, re- 
sults from glowing neon in the tubes. Dif- 
ferent shades of blue light are produced by 
xenon, by a mixture of neon and argon, 
and by a mixture of neon and mercury 
vapor. Other colors of light are produced 
by making the tubes of colored glass. 


ELECTRO-LUMINESCENT LIGHTING - A 
type of electric lighting recently developed 


Sylvania Electric Products Corporation 
The current used by this electro-luminescent 
clock-face 24 hours per day for a year costs 
about 3 cents. What questions come to your 
mind when you look at this picture and read 
about this type of lighting in the text? 


is uniquely? different from every other.* 
With it no lamps are used. Instead the 
light is produced by glowing sheets of glass 
(illustration, above). The glass is coated 
with a mixture of a special phosphor and a 
plastic. This coating is covered with a thin 
sheet of metal foil, which is connected into 
the electric circuit. The passing of the 
electric current through the metal causes 
the phosphor to glow. 

When fully developed, this type of light- 
ing is expected to supply more uniform 
illumination? than is possible with lamps. 


2. How Should Our Homes and Other Buildings Be Lighted? 


PROGRESS IN LIGHTING - For thousands 
of years before man discovered how to make 
and use fire, he had no light except natural 
light. In contrast, in many modern build- 
ings no natural light is used. These build- 


1Sterilize (stér’{ liz): to kill the disease germs on 
surfaces or in substances. ?Page 151, ftnt. 2. 


ings are wholly without windows. Hence at 
all times they must be lighted artificially. 
Sunlight, however, is still the chief source 


3Page 6, ftnt. 3. 

4It is called 
nés'éns). 

5Illumination (1là minà'shün): the state of being 
illuminated, or lighted up. 


electro-luminescence (E lëk’trō là mï- 
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The rays of direct sunlight that pass through the windows do so at the same angle. 
Why? Why do window shades that pull up from the bottom admit more light to 
the room than those that pull down from the top? 


of light for our indoor daytime activities and 
is likely long to remain so. 


DIRECT AND DIFFUSED LIGHT IN THE 
HOME - How many rooms in your home ever 
have sunlight shining directly into them? 
No rooms on the north side could have any 
direct sunlight. Those on the other sides 
probably receive varying amounts, depend- 
ing on the season of the year. But if you live 
on a lower floor of a city apartment house, 
perhaps no direct sunlight can enter any of 
your windows. 

*Nearly all the natural light that enters 
homes and other buildings is diffused light. 
It is reflected in all directions from the dust 
particles in the air and from clouds (illus- 
tration above). Both the direct sunlight 
and the diffused sunlight that pass through 


our windows are reflected, or diffused, from 
the surfaces of all the objects in the rooms. 


". NATURAL LIGHTING THROUGH WIN- 
DOWS - The first windows were mere openings 
in the walls. Later, men learned to make 
wooden covers for the openings. These 
covers served to keep out cold air and rain. 
But also they shut out the sunlight. 

The heavy draperies that are often used 
now to cover windows are likely to shut out 
too much light. Light-colored, translucent 
shades or curtains serve better. They admit 
much light while preventing the entrance 
of direct sunshine. 

Direct sunshine is likely to be too bright 
for comfortable vision. Also, it often pro- 
duces unpleasant contrasts of bright and 
dim light in a room. Furthermore, direct 
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sunshine contains more of the waves of 
radiant energy that cause colors to fade 
than does diffused light.’ 

Much of our indoor lighting during day- 
light hours is done with a combination of 
natural and artificial light. But often such 
lighting is not adequate,’ especially during 
the winter. More lamp-light than ordi- 
narily is supplied is needed to supplement 
the sunlight. 

The illustration on this page shows the 
three common types of lighting. 


SATISFACTORY HOME-LIGHTING - *For 
proper lighting there must be enough light 
wherever needed. Also, the illumination 
must be both free from glare and fairly 
uniform. 

Providing enough light. Everybody 
knows that the light from a lamp becomes 
rapidly dimmer as one moves away from it. 
Actually, if you move your book twice as 
far away from a lamp, it will receive only 
one-fourth as much light as before.? If you 
move it three times as far away, it will re- 
ceive only one-ninth as much. It is true that 
in most rooms there is not enough illumina- 
tion. There is a need for more lamps or 
more powerful lamps or for both. 


1These are waves that are included in the violet 
and ultra-violet bands of radiant energy. 

? Adequate (ád'é kwit): measuring up to needs and 
desired standards. 3Page 203, il. B. 
a 


The three types of lighting: A, indirect; 
B, semi-indirect; C, direct. *Direct lighting pro- 
duces the most glare and is hardest on the eyes, 
but it provides the most light per lamp. Indi- 
rect lighting produces the least glare and is 
easiest on the eyes, but it provides the least 
light per lamp. Can you explain why these 
statements are true? What advantages does 
semi-indirect lighting provide? 
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Do you consider the lighting here good for studying? Give reasons for your 


answer. "One should never read in twilight or in direct sunlight. Explain 


The colors of floors, walls, and furniture 
greatly affect the amount of illumination of 
a room. The light is reflected again and 
again before it reaches our eyes. Each time 
that it is reflected, some of it is also ab- 
sorbed. Moreover, the darker the colors of 
the floors, walls, and furniture, the greater 
is the amount of light energy that is ab- 
sorbed and the less that is reflected. In 
fact, the dark colors that are often used in 
rooms may absorb as much as four fifths of 
all the light that strikes them. It is no won- 
der, therefore, that such rooms are dim and 
gloomy. The lighter shades of yellow, blue, 
green, and red are more desirable because 
they make a room both lighter and more 
cheerful. 

Reducing glare and providing uniform 
illumination. When people first began to 
light their homes with electric lamps, they 


suspended a single lamp on a lighting cord 
from the middle of the ceiling of a room. 
Some people still light their rooms in this 
way. The lamp is not much above the level 
of the eyes. Hence it produces a bad glare 
and much eye-strain (illustration above). 
A brilliant spot of light not only pro- 
duces glare, but also, by contrast, makes the 
distant parts of the room scem dim and 
shadowy. No doubt you have noticed that 
when you look toward a part of the room 
that is much brighter or much dimmer, your 
eyes do not instantly adjust. Hence shifting 
your glance frequently around an unevenly 
lighted room causes eye-strain. Marked 
contrasts of brightness and dimness should 
therefore be avoided in indoor lighting. 
*Rooms can be illuminated more uni- 
formly and eye-strain can be reduced both 
by distributing the lamps about the rooms 
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and by increasing the diffusion of the light 
(illustration, A, p. 193). Diffusion can be 
increased in four ways: by using indirect 
lighting; by substituting fluorescent lamps 
for incandescent ones wherever possible; by 
using translucent lamp shades; and by using 


rough wall finishes instead of glossy ones. 
Smoothly finished walls produce glare. Too 
much light is reflected directly into the eyes 
from their mirror-like surfaces. Eye-strain 
results, which brings about fatigue and may 
cause serious injury to the eyes. 


3. What Are the Important Structures of the Eyes, 
and How Do They Function? 


SEEING IN THE DARK AND BY MOON- 
LIGHT - It is often stated that owls and cats 
can see in the dark. But this statement is not 
exactly true. In complete darkness, such 
as exists deep inside a cave, no animal can 
sce at all. People are able to see to some 
extent on dark nights because there is always 
some diffused light, even in what seems like 
complete darkness. But human cyes do not 
permit clear vision with such slight illumi- 
nation. The eyes of owls and cats, however, 
do, to a considerable degree. 

No doubt you have seen colored motion 
pictures showing flower gardens in moon- 
light. It is more than likely that these pic- 
tures showed the flowers and other objects 
in bright colors. Probably, however, you 
took no special notice of this fact, because 
you took the colors for granted. Yet these 
pictures were not true to life. People can- 
not distinguish colors in moonlight, even in 
the brightest moonlight. They can only tell 
whether the shades are light or dark. For 
this reason, most night scenes in colored pic- 
tures are taken in daylight with dark filters, 
or special screens, over the camera to make 
the illumination less intense. 


THE HUMAN EYE - The eye is a ball- 
shaped organ’ that is full of liquid (illustra- 


1*Organ (Ór'gán): a complex bodily structure that 


performs a special function. 


tion, p. 196). The covering of the eye-ball 
is a tough, protective tissue.” The outside of 
it is white except right in front. The expres- 
sion “the whites of the eyes" refers to the 
white parts of this covering that can be seen. 
The front part? is transparent, as, of course, 
it would have to be in order to admit light. 

The iris. When you look at your eye in 
a mirror, the round blue, brown, or other 
colored structure that you see is the iris. It 
is an opaque tissue. The round black spot 
in its center is the pupil. The pupil is not a 
separate structure. It is the part of the 
front of the lens that is not covered by the 
iris. It serves as a round window through 
which light passes to the retina. It is trans- 
parent, of course. But anybody’s pupil ap- 
pears to be black when we look at it because 
actually we are looking through it into the 
dark interior. 

The iris automatically expands or con- 
tracts as the illumination changes. If the 
light’ becomes brighter, it spreads farther 
over the front of the lens. Thus it makes the 
pupil smaller. As a result, less light can 
enter the lens. If the light becomes dim, 
the iris shrinks back. Thus it enlarges the 
pupil, with the result that more light can 
enter the lens. 

2* Tissue (tish'oo): a simple plant or animal 
structure that performs a certain function or func- 
tions. 3The cornea (kér’né à). 
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Two similar optical! instruments. Can you explain how the following parts of the 


eye and the camera serve the same functions: eye-lid, shutter; lens, lens; retina, 
film; eye-ball covering, light-tight box? 


‘Optical (Sp'tt kal): having to do with optics (p'ttks), the science of light. 


A familiar experience will make clear the 
action of the iris. No doubt you have 
noticed that when you go from bright light 
into darkness or from darkness into bright 
light, there is an instant when you can hardly 
see anything. At once, however, your irises 
begin to adjust in the way that admits the 
right amount of light for clear vision. 

The lens. If you stand at a window and 
hold a reading glass between the window 
and a sheet of white paper, you can throw 
upon the paper an image! of the scene out- 
side. You will need to move the reading 
glass slowly toward and away from the 
paper in order to find the exact spot where 
it gives the clearest image. The thicker the 
lens, the nearer the paper it will need to be. 
You may be surprised to see that the image 
is inverted, or upside down. 

The lens of the eye is a convex lens, simi- 
lar to the lens of the reading glass (illustra- 
tion above). Hence it forms inverted im- 
ages on the retina.’ The lens of the eye, 
however, cannot move backward or forward. 
Its distance from the retina must always re- 

TUse the Glossary for reviewing the’ meanings of 


terms that have already been defined. 
?Retina (rét’{ na). 


main the same. Therefore, in order to pro- 
duce a clear image, the lens must become 
thinner when we look at distant objects and 
thicker when we view near objects. Muscles 
attached to it make it thicker and thinner 
automatically as the need arises. Thus the 
lens is adjusted to make as clear images as 
possible on the retina. 

The retina. The retina is a black mem- 
brane? that lines the inside of the eye- 
ball. Special structures in the retina make 
it possible to distinguish between light and 
dark and between different shades of color. 

The retina functions somewhat like a cam- 
era film. Both record images as a result of 
chemical action. This chemical action is 
produced by the light that passes through 
the lens. But the images produced on the 
camera film or plate are permanent. Those 
produced on the retina are constantly 
changing as we look at different objects. 
Each retinal image lasts only about one 
tenth of a second. 

The optic! nerve “reports” to the brain 
the images that are formed on the retina. 

* Membrane (mém/bran): a thin, soft layer of flesh 


or other material. a 
‘Optic (8p'tk): having to do with sight, or vision. 
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The brain then interprets the images as 
sight. Thus we really see with our brains 
(illustration below). Proof of this last state- 
ment is provided by the fact that although 


the images formed on the retina are always 
inverted, we are not conscious that they are. 
Our brains have learned to interpret them 
correctly. 


4. How Can We Conserve Our Vision? 


A MILESTONE OF SCIENCE - The first 
spectacles, or eye-glasses, are believed to 
have been invented about seven hundred 
and fifty years ago by Roger Bacon, an Eng- 
lish monk. These glasses had convex lenses 
(illustration, p. 181). Not many years later, 
people began to make spectacles with con- 
cave lenses. The value of glasses as aids to 
vision was promptly recognized. Within 
two hundred years spectacle-making had 
become a regular trade. 

The early spectacles were clumsy devices. 
Their great lenses were set in heavy frames, 
usually of horn or tortoise shell. Strangely 
enough, no great improvements were made 
in these crude spectacles until about a 
hundred and twenty-five years ago. Then 
light metal frames came into use. Also, men 
learned how to make better lenses. Many 
further improvements have since been made. 

The invention of glasses was an important 
milestone of science. Not many people have 
normal eyes which give perfect vision. 
Moreover, as people grow older, their vision 
usually fails to some extent. If it were not 
for glasses, therefore, many of our greatest 
men and women, as well as millions of 
others who perform useful and important 
tasks, would not be able to carry on their 
work. 


CORRECTING DEFECTS OF VISION 
Near-sightedness. In a normal eye the 
lens adjusts automatically so that the images 
that it forms fall exactly on the retina (illus- 
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tration, A, p. 198). In some people's eyes, 
however, the lenses are too thick to bring 
this about unless the object is fairly close 
(illustration, B, p. 198). In other words, the 
eye-ball is too long from front to back for 
the thickness of the lens. Consequently the 
image is formed in front of the retina and 
is therefore not distinct. Such an eye defect 
is called near-sightedness. 

Near-sightedness is usually corrected by 
the use of a concave lens. A concave lens 
spreads the light from the object before the 
light reaches the lens of the eye. As a result, 
the image is produced far enough back in the 
eye so that it falls on the retina (illustra- 
tion, B, p. 198). The result is the same as 


——————————————— 


A side mirror on an automobile is a valuable 
aid to safe driving. Where do you infer that 


the car is whose image is seen in the mirror? 
Charles Phelps Cushing 


Normal Sight 


When eye-sight is nor- 

mal, near objects and 

far are seen clearly, 
as shown here 


Near-sightedness 


Near objects, clear; far 
objects, dim. Light rays 
are focused on the 
p ‘etina by concave lens 


Far -sightedness 
Near objects, dim; 
far objects, clear, A 
convex lens focuses 
rays exactly on retina 


Astigmatism 

All objects, distorted. 
light rays focused by 
combination  plane- 
and-cylindrical lens 


Better Vision Institute 


How objects look to people who have various 

common defects of vision and the lenses that 

they wear to correct these defects. Why does 

any object look indistinct if held too close to 
the eyes? 


would be produced if the lens of the eye 
could become thinner. 

Far-sightedness. In some people's eyes 
the lenses are too thin to permit clear vision 
of close objects. In such cases the eye-ball is 
too short from front to back for the thickness 
of the lens. Stated in another way, the 
retina is too close to the lens for a clear 
image to be formed on it (illustration, C, 
left). This defect is known as far-sighted- 
ness. 

Far-sightedness is usually corrected with 
convex lenses. These produce the same 
effect that would be produced if the lens of 
the eye could become thicker. Thus they 
bring the image forward far enough so that 
it falls on the retina. 

Astigmatism. If cither the cornea! or the 
lens of the eye is irregular, the light rays that 
enter the eye are not refracted uniformly. 
As a result, the image thrown upon the 
retina is somewhat like the image that is 
formed in the bowl of a spoon (illustration, 
D, left). The person with astigmatism? 
must have special lenses that correct the 
particular defects of his cyes, so that a clear 
image falls upon the retina. 


AVOIDING EYE-STRAIN - *['he advan- 
tages of having uniform illumination in a 
room and of reducing glare from walls and 
lamps has already been discussed. As a 
further means of avoiding eye-strain, it is 
important to have the light strike your book 
or your work from a proper direction.‘ 

*Many small muscles are used whencver 
you move your eyes. "These muscles include 
those that move your cye-balls, those that 
control the iris, and those that change the 
shape of the lens. When you read or do 
other "close work" for a long time, thesc 


iPage 195, col. 2. ? Astigmatism (a stíg' mà tizm). 
3Page 194. ‘Page 194, il. 
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muscles become tired. Rest them every few 
minutes by closing your eyes or by looking 
at some distant object for a few seconds. 

*Probably you know how hard it is to 
read on a moving bus or train. The constant 
jerking of your book or magazine tires the 
eyes quickly. If much reading is done under 
such conditions, the eyes may become per- 
manently injured. 

Reducing glare. With colored glasses. 
If one looks into a glaring light, the iris can- 
not make the pupil small enough to prevent 
the entrance of too much light. Sun-glasses 
are therefore worn to absorb part of the 
light. 

With polarizing substances. Think of a rope 
one end of which is fastened to a tree and 
the other end brought straight into the 
house through a partly opened window. If 
the end that is in the house is jerked up and 
down, sideways, or at any other angle, 
waves travel along the rope. All the waves 
go as far as the window. There all are 
stopped except those that are vibrating! 
sideways, that is, horizontally in the window 
opening. 


\Vibrate (vi'brát): to move to and fro, like a child's 
swing or like something that is jarred, or is made to 
quiver. "Vibration (vi bra’shtin): the act of vibrating; 
one complete movement of a vibrating body from one 
point outward and back to the same point. 


The rope would vibrate at only one angle 
at a time. But light waves from any source 
are vibrating horizontally, vertically, and 
at all other angles at the same time. There 
are certain transparent substances each of 
which absorbs all the light waves that pass 
into it, except those that are vibrating at a 
certain angle. The light that emerges from 
such substances is polarized light, or “‘flat 
light." 

Polarizing sun-glasses and windshields are 
coming into wide use. These are made like 
a sandwich, with a sheet of a polarizing 
material between two sheets of glass. No 
doubt you can think of many uses for such 
glasses (illustration below). 

Polarizing windshields reduce the glare 
from the pavements during the day. Also, 
they greatly reduce the glare from the head- 
lights of approaching cars at night, especially 
if the light from the headlights is also polar- 
ized. But polarizing windshields may some- 
times make the general illumination too 
dim for safe driving. 


EYE MEDICINES : *A safe rule to follow is 
to put into your eyes no medicines that have 
not been prescribed by an eye specialist who 
is a physician. Many eye remedies are ad- 
vertised in newspapers and magazines and 
also by radio or television. Some may be 


Polarizing material reduces glare by absorbing all the light waves except those 


vibratin 


g in one plane. Which of these pictures do you think was taken with an 
ordinary camera and which with a camera having a polarizing lens? Why? 


American Optical Company 


actually harmful, at least in certain cases. 
Most of them, however, are harmless, though 
valueless. But there is considerable danger 
in using even the ones that do not actually 


injure the eyes. The person who does so 
puts off consulting an eye specialist. By 
such delay the eye trouble may become so 
much worse that a cure may be impossible. 


5. How Are Certain Optical Instruments for Extending Vision 
Constructed and Used? 


THE FIRST CAMERA - The first camera 
was invented in Italy nearly 400 years ago. 
It was not a box-like device, to be set up on 
a stand or to be held in the hands. It was 
merely a dark room. It had no lens! or 
other equipment. The light came through 
a small hole in the window shutter. The 
image was focused? on a crude film paper 
placed in the most favorable position. 

With this camera no snap-shots were pos- 
sible. No pictures could be taken of people, 
animals, trees, or anything else that moved 
or might move, even a little. Only motion- 
less objects could be photographed, and 
then only with long time exposures.? 


MAKING IMAGES PERMANENT - The 
plate or film of a modern camera is coated 
with gelatin containing, usually, compounds 
of silver. When the exposure is made, that 
is, when the photograph is taken, the light 
produces changes in these compounds. 
These changes correspond to the amounts 
of light that are received from the different 
parts of the object photographed. Thus 
light energy is changed to chemical energy. 
The image is recorded in the chemical com- 
pounds. The image is not visible, however, 

1Page 196, il. 

Focus (fo'küs): to adjust a lens so that a clear 
image is thrown on a film or a screen, The position 
behind a lens where the image is clearest is the focus 
of the lens. 


*Exposure (ks po'zhér): act of exposing or state of 
being exposed, or subjected, to light. 


until the plate or film has been developed 
and a print has been made from it. 

To develop the picture, the exposed plate 
or film is put into a special chemical solu- 
tion, or developer. The compounds that 
were changed most by the light are made 
darkest by the developer. As a result, the 
brightest parts of the object that was photo- 
graphed are the darkest parts on the de- 
veloped film. Therefore the developed film 
is called a negative. 

The true picture, or “positive,” is printed 
from the negative. The negative is placed 
on a special white paper. This paper is 
coated with gelatin that contains practically 
the same chemical compounds as those on 
the original plate or film. A strong light is 
directed through the negative upon this 
paper. The changes that now take place 
are like those that occurred on the film 
when the picture was taken. More light 
passes through the lighter parts of the neg- 
ative and less through the darker parts. As 
a result, when the positive is developed, the 
original scene appears (illustration, p. 201). 


MICROSCOPES AND TELESCOPES - Did 
you ever look closely at your hand through 
a magnifying glass, or convex lens? If so, you 
were probably startled by the appearance 
of your skin. Yet it was magnified only a 
few times. The compound microscope of 
the kind that you will use when you study 
biology will magnify as many as one hundred 
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H. Armstrong Roberts 


A, a developed photographic negative; B, a positive print from the negative. If 
a film is exposed to bright sunlight or if it is exposed too long in taking the picture, 
itis ruined. Why? 


and sixty times (illustration, p. 204). An 
clectron microscope can be made to magnify 
some bodies two hundred thousand times 
or more. It has been stated by a scientist 
that with such a microscope a pin point 
would look like a vast mountain range. A 
recently invented microscope magnifies more 
than two million times. With it the struc- 
tures of molecules can be photographed. 


Microscopes make possible the study of 
minute living things, about which other- 
wise we could know nothing. In contrast, 
telescopes enable scientists to study enor- 
mous suns and other heavenly bodies thou- 
sands of millions of miles away. Also, 
telescopes find practical uses such as the 
observing of distant mountains and air- 
planes at high altitudes. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 187-191. 1. Few city 
streets are lighted as brightly either by 
artificial light or by moonlight as by sun- 
light. 

2. The places of kerosene, gasoline, and 


illuminating-gas lamps are rapidly being 
taken by ..?.. lamps. 

3. Unlike modern incandescent electric 
lamps, the carlier types of electric lamps had 
argon and nitrogen in their globes. 

4, The fluorescent lamps produce their 
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light chiefly by the action of infra-red rays 
on phosphors. 

5. State three advantages of fluorescent 
over incandescent electric lamps and one 
caution in connection with the use of 
fluorescent lamps. 

6. The artificial light that is best for 
matching colors is produced by (1) fluores- 
cent; (2) incandescent; (3) kerosene; 
(4) illuminating-gas; (5) sodium-vapor; 
(6) phosphorescent lamps. 

7. Light waves that are produced by 
mercury-vapor lamps kill germs. 


8. Electro-luminescent lighting produces 
light by means of /luorescent-lamp tubes. 


Pages 191-195. 9. During the daytime 
our homes are lighted chiefly by direct 
sunlight. 

10. State one advantage of each of three 
types of home-lighting, namely indirect, 
semi-indirect, and direct, over both the 
other types. 


11. Dark-colored walls and floors of a 
room tend to make the room more dark and 
gloomy than light-colored ones. 


12. State four ways in which the diffusion 
of light throughout a room can be increased 
and thus the room be more uniformly 
lighted. 


Pages 195-197. 13. The brighter the 
light, the smaller the pupils of one's eyes 
need to be in order to provide comfortable 
vision. 

14. The refraciion is brought about inside 
the eye by an image. 

15. The part of the eye that corresponds 
to the film of a camera is the __? 


16. You look in front of you to sce in a 
mirror the image of a person who is stand- 
ing behind you. Yet you know that he is 
behind you because you interpret the image 
with your eyes. 


Pages 197-200. 17. Both convex and 
concave mirrors are used in eye-glasses to 
correct eye defects such as near-sightedness 
and far-sightedness. 

18. The purpose of wearing eye-glasses 
is to throw images clearly and exactly on the 
pupils of the eyes. 

19. State four ways of reducing eye- 
strain. 

20. Polarized light reduces glare by 
eliminating all the light waves except those 
that vibrate at a certain __?__. 

21. No medicines should be put into the 
eye except those that have been prescribed 
by a physician. 

Pages 200-201. 22. When pictures are 
taken, light energy is changed to __?_-. 

23. A telescope would be a suitable instru- 
ment for examining the living things in a 
drop of pond water. 

24. A newly invented form of microscope 
is not much less powerful than an electron 
microscope. 


SCIENTIFIC PRINCIPLES 1. PDark- 
colored, rough, or unpolished surfaces 
absorb light and radiant heat energy more 
readily than do light-colored, smooth, or 
polished surfaces. 

2. "When light rays pass through a con- 
vex lens, the lens bends them so that they 
converge, or approach closer together. 

3."When light rays pass through a con- 
cave lens, the lens bends them so that they 
diverge, or spread farther apart. 

4. "Matter and energy can be changed 
into different forms or into each other, but 
they cannot be created or destroyed. 


SCIENTIFIC 'TERMS 


Tconcave Tmicroscopic retina 
Tconvex "organ *telescope 
"microscope *pupil *tissue 
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Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
1. Jack and Ed were in the middle of a 
discussion of the relative merits of incan- 
descent lamps and fluorescent lamps. 

“I don't care what Mr. Bell or our science 
book says," shouted Jack. My uncle knows 
a lot about science, too. He sells electric 
lamps. I heard him say that a fluorescent- 
lamp tube costs a lot more than an ordinary 
lamp bulb." 

"Fluorescent tubes do cost more," Ed 
agreed, “but they are cheaper in the long 
run. A regular light bulb needs electricity 
to heat it up before you ever get any light. 
All that heat is wasted. In a fluorescent 
lamp most of the electricity goes into mak- 
ing light. If you feel the tube, you'll find 
out that it's almost cool." 

“That sounds all right,” said Jack, 
doubtfully, *but maybe what you say isn't 
the whole story. Pll ask my uncle. He'll 
know where you’re wrong if you are.” 

“Instead of asking your uncle,” said Ed, 
“wed better see what it says about all this 
in a physics book. My brother has one. 
Let's get it." 


Which of the scientific attitudes are illus- 
trated in this conversation? 
2. Can you suggest how the first person 


A, 1 foot-candle of illumination on the book. Explain B in your own words 


who took a permanent picture got the idea 
of how to do it? 


CONSUMER SCIENCE - 1. Why should the 
bowls of floor or table lamps, and the elec- 
tric bulbs themselves, be dusted frequently? 

2. Suggest one or more reasons why the 
use of low-powered electric lamps may be 
actually more expensive than the use of 
high-powered ones. 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE : 1. The second diagram on this page 
shows why the statements in the paragraphs 
entitled “Providing enough light,” on 
page 193, are true. With the help of this 
diagram, can you “figure out” what fraction 
of the light now received by the square sur- 
face nearest the lamp would be received if 
it were moved five times as far away from 
the lamp? ten times as far? a hundred times? 

2. State the various conditions under 
which objects look indistinct. 

3. Why are fittings for glasses commonly 
called refractions? 

4. What is meant by the statement 
“The film in the camera was light-struck"? 

5. Can. you explain why you can be- 
come sun-burned on a cloudy day? Can 


| Eu 
1 ft away 
from lamp 


3 ft away 


x Beet ir 


David W., Corson, from A. Devaney 


What do you think these boys are probably studying through their microscopes? 


you explain also why people often are 
severely sun-burned while boating on a 
sunny day? 

6. Why does a wet highway produce 
more glare than a dry one? 


7. Can you give evidence, other than 
that presented in the text, to show that we 
"see" with our brains rather than our eyes? 


EXPERIMENT Which contains the 
greater amount of unburned carbon par- 
ticles, a highly luminous flame or one that 
is almost non-luminous? Adjust a gas, 
gasoline, or alcohol burner so that it burns 
with a pale-blue, scarcely luminous flame. 
Hold a thick, cold, white dish or a white- 


enameled cooking pot in the flame for a 
second or so. Examine the spot where the 
flame touched the dish or the pot. What 
do you observe? Adjust the burner again 
so that it burns with a luminous yellow 
flame. Again hold the dish or the pot in the 
flame for a second or so. Again examine 
the dish or the pot. What do you observe? 
Answer the question at the beginning of the 
experiment. 

From your observations, can you explain 
why a yellow flame gives off more light than 
a blue one? 


In this experiment each flame served as a 
control! Explain. 


"Page 534. 
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UNIT SIX 


INTO SPACE 
WITH THE ASTRONOMERS 


| Mount Wilson and Palomar Observatories 


Imagine yourself to be living in the Stone Age, many thousand years 
ago. What could you know about astronomy? You would have learned 
a little about the earth, but only about the part near where you lived. 
You would have no way of knowing that it is a heavenly body. You 
would be familiar with the sun as an object that is usually too bright to 
be looked at directly. It would seem to you to come up above the hills or 
out of the ground a long way off, to move slowly overhead, and then to 
go down behind the hills or into the ground far away. You would have 
learned that when the sun was in sight, you were warmed and were able 
to see all about you. You would know that after it had gone down out of 
sight, you could no longer see well enough to carry on many activities. 

You would know the moon as a thing that you often saw in different 
places above the trees and hills or overhead. You might have observed 
that the moon changed greatly in size and shape, but that the sun did 
not. You might have learned that you could see objects fairly well when 
the moon was big, but not nearly so clearly as when the sun was up. 

It is likely that you would have noticed the stars as bright points. You 
might have scen a meteor as a streak of light. But you would have no 
notion of what stars and meteors were. 

You might have learned enough about the seasons to know that long 
warm periods alternated with long cold ones. You might have observed 
that the trees had more leaves during the warmer times and that the 
hunting was better then. 

These few facts would be about all that you would know about astron- 
omy. Nobody else would know much more. 


eR *»***-9*w—*w»»wuww»*n**t*9s9 99» wu» nw» ww www www] ww» 


13 


THE SOLAR SYSTEM 


1. What Is the Solar System? 


CHANGING IDEAS ABOUT THE SOLAR 
SYSTEM - Long ago it probably never oc- 
curred to anybody to question the idea that 
the world was flat. No facts were then 
known that would suggest any other belief. 
Twenty-five hundred years ago, however, 
Thales! concluded, from his study of the 
heavens,? that the earth must be a ball. 
About three centuries later Aristarchus? ar- 
rived at the same conclusion. Also, he de- 
cided that the earth must circle around the 
sun. 

For about the next fourteen centuries, 
however, practically all the astronomers, in- 
cluding Ptolemy,* supported an older be- 
lief. They thought that the earth was the 
center of the universe, and that the sun, 
the moon, and the planets circled around it. 
It was not until the sixteenth century that 
Copernicus? published evidence enough to 
prove that the sun is the center of the solar 
System. 


THE MEMBERS OF THE SOLAR SYSTEM : 


*The solar system consists of the sun and all 

Thales (tha'lez): noted Greek “wise man” 
(philosopher); lived, 640(?) -546 B.C. 

2* Heavens (hév/énz): the sky; the wide extent of 
space surrounding the earth. 

3Aristarchus (Ar is tàr'küs): celebrated Greek as- 
tronomer; lived in the third century B.C. 

*Ptlemy (t5l'é mï); great Egyptian astronomer; 
lived in the second century A.D. 

5Copernicus (ko pür'nt küs): famous Pole or Prus- 
sian who is called the "founder of modern astronomy"; 
lived, 1473-1543. 
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the bodies that travel around it. These 
bodies are of five groups, or classes, namely 
the planets; the asteroids’; the satellites,’ 


Asteroid (As'tér oid). 

Satellite (sat’é lit). Satellite usually means a moon, 
especially when the solar system is being considered. 
Actually, however, any heavenly body that revolves 
around a greater one is a satellite. Thus the planets 
are all satellites of the sun. 


—_—_— eee 


The solar system. What members of the solar 
system mentioned on page 219 are not repre- 
sented here? Why are they not? The sizes of 
the sun and planets are indicated here, but the 
distances are not. Why? (See table, p. 219) 


Republie Aviation Corporation 


If a jet-propelled plane flying at the speed of sound were to start now to fly from 
one limit of the solar system through the sun and across to the opposite limit, it 
would arrive in about the year 3150. How would you determine about how many 
miles the plane would have flown? 


or moons; the meteors! and meteorites; and 
the comets’, (illustration, p. 207). The 
planets, the asteroids, the meteors and me- 
teorites, and many comets revolve directly 
around the sun. All but three planets have 
one or more satellites each. A few comets 
swing around the sun only once, then speed 
off into space, never to return. 

"The sun and the comets are luminous.‘ 
So also are the meteors and meteorites while 
they are falling through the earth’s atmos- 
phere. The planets, their satellites, and the 
asteroids are non-luminous. They can be 


seen only by the sunlight that is reflected 
from their surfaces. 


SIZE OF THE SOLAR SYSTEM - The solar 
system occupies only a minute portion of 


1Meteor (me'te čr), 2*Comet (köm'ët). 
Page 219, table, ‘Page 175. 
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space. Space is infinite. It has no limits. 
It is so vast that we cannot comprehend how 
great itis. The distances between the bodies 
in even our relatively tiny solar system are 
too great for us to comprehend. For ex- 
ample, let us suppose that a jet-propelled 
plane could fly through space at the speed 
of sound (about 740 miles per hour). That 
plane would require about 15 years to fly 
from the earth to the sun and about 600 
years to fly from Pluto to the sun (illustration 
above). 


THE SOLAR SYSTEM IN MOTION - *The 
whole solar system is moving through space 
at the rate of about 12 miles per second. In 
fact, all the celestial? bodies are in constant 
motion. They move in response to gravita- 


Celestial (sé \&s/chil) : having to do with the visible 
heavens; heavenly. 
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tion. The true nature and cause of gravi- 
tation are not known. But gravitation is 
generally assumed to be a force that acts 
like a pull. 

*"The greater the amount of matter in a 
body, the greater is the gravitational attrac- 
tion between it and other bodies. To illus- 
trate, if you throw a stone into the air, both 
the stone and the earth will fall toward each 
other because there is gravitational attrac- 
tion between them. But the amount by 
which the earth is moved by this gravita- 


tional attraction is almost none at all be- 
cause the earth is so much bigger than 
the stone. Also, "as one body approaches 
another, the gravitational attraction be- 
tween them increases rapidly. To illustrate, 
when two moving bodies become half as far 
apart as they were, the gravitational attrac- 
tion between them is not twice as strong, 
but four times as strong as before. When 
they are a third as far apart, the attraction 
is not three times, but nine times as great as 
it was before. 


2. What Are the Terrestrial Planets and the Asteroids Like? 


HOW MANY PLANETS? - If you examine 
an astronomy textbook written before 1930, 
you will find only eight planets named in it. 
If you examine one written before 1846, you 
will find mention of only seven. The reason 
is that Pluto was not discovered until 1930, 
and Neptune not until 1846. One astrono- 
mer has recently stated his belief that, ages 
ago, there was still another planet, a small 
one, that was closer to the sun than Mercury. 
Other astronomers support a theory that 
there was once a planet between Mars and 
Jupiter. It is possible that one or even more 
planets may yet be discovered beyond Pluto. 

The planets are divided into two groups, 
the terrestrial? planets and the major planets 
(illustration, p. 207). There are five ter- 
restrial planets and four major planets. 


1*Gravitation (grav Y tà/shün), or gravitational (gráv- 
Y ta/shtin Äl) attraction. These two terms are commonly 
used as if they had the same meaning as gravity. But 
scientists use gravitation and gravitational attraction to 
name the attraction between every body in the uni- 
verse and every other body. They use gravity to mean 
the attraction between the earth and every body 
above or on its surface. See page 57. 

2Terrestrial (tě rés'tri 4l): resembling the earth; 
earth-like. 

3Page 219, table. 


THE PLANETS AS A GROUP - *All the 
planets are balls. None, however, is a per- 
fect sphere. Each is slightly flat at the poles, 
Saturn flattest of all. With the exception of 
Mercury and Pluto, each planet is known 
to have an atmosphere. 

All the planets revolve‘ around the sun in 
a counter-clockwise direction, from west to 
east. The orbits? of all nine planets lie al- 
most in the same plane. Think of a pump- 
kin floating on a pond, as representing the 
sun. Then imagine nine apples at different 
distances from it and all circling around it, 
as representing the planets. All the “orbits” 
of the apples would be in the same plane, 
namely, the surface of the water. The top 
surface of a round table is a familiar example 
of a plane that is similar to the plane of one 
of the planets’ orbits. 


THE TERRESTRIAL PLANETS - Mercury. 
Mercury’ is both the smallest and the fastest- 


‘Revolve (rē vdlv’): to travel in a circular path 
around a body or a center. An entire merry-go- 
round rotates, while its riders revolve around its center. 

3* Orbit (Ór'bít): the path followed by a heavenly 
body as it revolves around a larger body. 

The planets are here discussed in the order of their 
distances from the sun (p. 207, il). 
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Painting by ey Bonestell, from Scientific American 


The sun as it is reasonable to believe that it would look from the planet Me 


What questions does this illustration suggest to you? 


moving planet. It is a great ball of rock, 

with, probably, a rugged surface. It is too 

small to have an atmosphere. Hence 

no water and no soil (illustration z e) 
The same side of Mercury alw ys fa p EER ; ; : 

the sun. "Therefore this planet has no ni is (dk’s¥s): an imaginar straight line running 


rotates on its axis,! but its times of rotation 
and revolution are the same. If this state- 
ment puzzles you, circle around a chair, 
keeping your face toward it all the time. 


through the middle of a he 
body rotates, 
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avenly body, on which the 
and day, as the earth does. Neverthele 


J 
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By the time you have revolved completely 
around it, back to your starting point, you 
will find that you have turned completely 
around, or rotated, once. 

At Mercury's distance from the sun, the 
sun's heat is almost seven times as intense as 
itis at the earth's distance. Without an 
atmosphere to absorb, reflect, and distribute 
some of this heat, Mercury's dark, rocky sur- 
face absorbs much of it.! Consequently the 
planet’s lighted side is as hot as melted lead. 
In contrast, the side that is always in dark- 
ness is at a temperature almost as low as 
absolute zero.” 

Venus. Probably you have seen Venus 
in the west as the "evening star”. When it 
is brightest, it is the most striking body in 
the heavens, except the sun and the moon. 

Not much is yet definitely known about 
the characteristics of Venus. Its atmosphere 
is believed to be composed chiefly of carbon 
dioxide, and to contain almost no water 
vapor or oxygen. The surface during the 
day is probably almost as hot as boiling 
water. 

The planet is believed to have no oceans. 
Whether its surface is smooth or rugged has 
not been determined, because a dense cloud 
bank is always present in the lower atmos- 
phere. What the clouds are composed of is 
not known. The substance is believed to be 
liquid or solid carbon dioxide, or Dry Ice, 
but it may be formaldehyde,’ in minute 
drops. 

The earth, a unique planet. The earth 
is unique! among the planets in three re- 
spects: It is the densest? of all. It is the only 


Page 112, col. 1. 

?Page 95. 

*Formaldehyde (fôr mál/d& hid): 
hydrogen, carbon, and oxygen. When 
water, it is used as a germicide. 

4Page 6, ftnt. 3. 

SPage 109, ftnt. 3. 


a compound of 
dissolved in 


planet on which the higher forms of plant 
life and animal life, such as trees, shrubs, 
horses, dogs, and people, could possibly live. 
It is the only planet with a large amount of 
water on and under its surface (illustration, 
p. 212). 

The earth and the moon will be discussed 
in considerable detail later. 

Mars. More is known about the condi- 
tions on Mars than about those on any 
other planet except the earth. This is so for 
two reasons: When Mars is brightest, it is 
near enough to the earth for fairly satis- 
factory study. Also, the surface of Mars is 
not obscured by a dense atmosphere or by 
heavy clouds. 

It is expected that much more will soon 
be learned about Mars from photographs 
of it taken with the “Big Eye.” 

Its characteristics. On the surface of Mars 
there are great red-brown and green areas. 
What they are is not yet known. At the 
poles are white polar caps. These are be- 
lieved to be only a few inches thick and to 
be composed of crystals of very cold frost. 
When spring comes to Mars, these polar 
caps become smaller and the green areas 
larger. 

Now and then hazy red-brown clouds are 
observed above the surface of Mars. These 
may be dust storms. Occasionally, also, 
white clouds or patches of fog or haze are 
seen. But neither rain nor snow ever falls 
on Mars. It could not, because there is not 
enough moisture in the air to make such 
precipitation possible. Hence there are no 
oceans, lakes, or other bodies of water there. 


The “Big Eye" is the world's greatest telescope, 
the Hale telescope. It is located on Mt. Palomar, 
California. It is really an enormous camera because 
it is used only for taking photographs of the heavens 
and the heavenly bodies. The largest-domed build- 
ing shown in the illustration on page 205 houses it. 
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Painting by Chesley Bonestell, from Scientific American 


As compared with the earth, Mars is cold, 
Even in the sunshine the highest tempera- 
tures are never much above the freezing 
point of water. At night the temperature 
drops to perhaps 100 degrees below zero 
Fahrenheit (—100° F). 

lis living things, if any. About seventy-five 
years ago Schiaparelli! reported that he had 
observed what he thought were dark lines 
on Mars. These lines seemed to connect 
what he thought might be seas, Therefore 
he called them canali, meaning “channels,” 
But when Schiaparelli’s report was trans- 
lated into English, canali' was translated 
“canals.” Later Lowell? mapped several 
hundred of these lines, Many people, but 

‘Schiaparelli (skyà pä rěl'lē): noted Italian 
tronomer; lived, 1835-1910, 


Percival Lowell (lo'l): 
tronomer; lived, 1855-1916, 


as- 


eminent American as- 


The earth as it might have 
looked from a point 20,000 
miles above the coast of 
North Carolina on June 21, 
1951. The largest white dot 
is the moon. The other white 
dots are stars, or suns. Why 
do you think this picture was 
put here in this book? 


not astronomers, were willing and eager to 
believe that the lines were really canals that 
had been built by Martians.3 Martians, 
they supposed, were highly intelligent beings 
that were probably much farther advanced 
in science than ourselves, 

Astronomers, however, are not yet con- 
vinced that these lines actually exist. If 
they do, what they may be is uncertain. It 
is certain, however, that they could not be 
anything made by intelligent beings, be- 
cause such beings could not exist on Mars. 
One astronomer expresses his belief that the 
present conditions on Mars arc like those 
that will exist on the earth ages hence (illus- 
tration, p. 213), 

The atmosphere of Mars is about as thin 
and cold as our atmosphere 9 or 10 miles 


* Martian (mar’sht án): a dweller on Mars. 
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Yerkes Observatory 


A 
A, Mars as photographed through a telescope; 
and B, as it seems reasonable to believe that it 
might look from one of its two moons. What 
conditions now known to exist on Mars would 

make life for creatures like us impossible?! 
"The pictures on pages 213 (right), 215 (right), 
221 (right), and 238 are from The Conquest of Space, 


by Chesley Bonestell and Willey Ley, by arrangement 
with The Viking Press, New York. 


above the ground. Also, the Martian at- 
mosphere is chemically different from ours. 
It is believed to contain no nitrogen and 
little oxygen. For these reasons, therefore, 
not even simple animals like those on the 
earth could live on that planet. Neither 
could trees, flowering plants, or even ferns. 
Some mosses and lichens,? similar to those 
that cling to high, cold peaks on the earth, 
might be able to exist there. The green 
patches mentioned earlier may be composed 
of such plants. 

Pluto. Not much is yet known about 
this planet. It is so far from the earth that 

'Lichen (li'kén): a gray, green, or brown patch com- 
posed of two simple plants that live together as partners 
and that grow on rocks, trees, and other objects. 


© Chesley Bonestell and The Viking Press 


the sunlight reflected from it is too dim and 
pale for clear observation. Its surface seems 
likely to be composed of dark-colored rock. 
Temperatures on Pluto are believed to be 
as low as — 350° F. 


THE ASTEROIDS - The asteroids’ were not 
known to exist until 1801. In that year 
Ceres,’ the largest, was discovered. To date, 
more than fifteen hundred have been found 
and recorded. There are probably thou- 
sands more. Most of these, however, may 
be too small ever to be discovered. 

The asteroids are rocks. Most of them 

Called also planetoids (plin’ét oidz), meaning "like 


planets," and minor planets. 
*Ceres (se'rez). Page 219, table. 
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Science Service 


How one of the smaller asteroids would com- 
pare in size with New York City. Topic for 
Individual Study: How the asteroids may 
have been formed. (Consult an astronomy 
text.) Prepare a report to be made in your 
science class or science club 


are probably irregular in shape, but some, 
especially the larger ones, are believed to be 
spherical! (illustration left). 

All the asteroids revolve around the sun 
in years that vary from a little longer than 
ours to seven times as long. One asteroid, 
Icarus? passes closer to the sun than any 
other known body in the solar system. At 
its closest point it is only about 17,000,000 
miles away. 

According to one theory, at least some of 
the satellites of the major planets were 
formerly asteroids. "They happened to pass 
close enough to the planets to be "captured" 
by them. The capturing of a heavenly body 
occurs in this way: The gravitational attrac- 
tion between one heavenly body and a 
greater one is strong enough so that the 
smaller one either crashes into the larger one 
or is made to revolve in an orbit around it. 
Thus these asteroids were pulled out of their 
orbits around the sun by the gravitational 
attractions between them and the planets 
and were made to circle in new orbits 
around the planets. 


3. What Are the Major Planets Like? 


EARLY ASTRONOMY . Some astronomy 
was known many centuries before the birth 
of Christ. More than two thousand years 
before the invention of the telescope, the 
Babylonians had learned to recognize five 
planets. These were Mercury, Venus, Mars, 
Jupiter, and Saturn. Recognizing them 
was a remarkable feat. 

What first attracted attention to these five 
bright dots as being different from all the 
others in the night sky? Perhaps it was that 
they changed their positions from night to 
night. They moved among and through 
the groups of dots in whose Positions the 


observers never noted any changes. Prob- 
ably these ancient observers became aware, 
also, that the five dots did not twinkle like 
the rest. But about the only differences that 
they could discover among the five were 
differences in color, brightness, and time of 
year when visible. They had, of course, no 
way of identifying the first three as ter- 
restrial planets and the last two as major 
planets, 


‘Spherical (sfért kl): ball-shaped. 

"Icarus (tk’a riis). If you will look up Jcarus in a 
big dictionary, you will understand why that name 
was chosen for this asteroid. 
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E. C. Slipher, Lowell Observatory 


A 


mf rn te 


B © Chesley Bonestell and The Viking Press 


A, Jupiter as photographed through a telescope; and B, as it seems reasonable 
to believe that it might look from the nearest known one of its satellites. Two 
of Jupiter’s moons are bigger than Mercury. What do you infer that the black 


spots on Jupiter are? 


THE MAJOR PLANETS - The four major 
planets are distinctly different from the 
terrestrial planets. 

They are bigger, as the table on page 219 
shows. More than 1000 balls the size of the 
earth could be put inside a ball the size of 
Jupiter. Furthermore, Jupiter is a bigger 
ball than would result if all the other planets 
and their satellites were rolled together. 

The major planets are much less dense 
than the terrestrial ones. Jupiter, Uranus, 
and Neptune would almost float in a big 
enough ocean. Saturn would float about a 
fourth out of water. 

Each major planet has a denser and vastly 
deeper atmosphere than any terrestrial 
planet. A ball the size of the carth could be 
completely hidden in the atmosphere of 
either Jupiter or Saturn. 

Jupiter. The most striking feature of 
Jupiter is its belts. These are light and 
dark bands running parallel around the 
planet (illustration above). They are be- 
lieved to be cloud formations because they 


are constantly changing. The atmosphere 
of Jupiter is known to be violently stormy. 

Saturn. Saturn is unique among the 
planets because of its three rings. If Saturn 
were the size of a basketball, its outer ring 
would extend about 5 inches from the sur- 
face of the ball, and the rings would be 
about as thick as this page. The inner-most, 
or crape, ring is much fainter and much 
darker than the other two. It does not 
show in the illustration on page 221. The 
rings are believed to be composed of in- 
numerable solid bodies that vary in size 
from that of sand grains to that of big 
pebbles or perhaps bigger rocks. These 
bodies are satellites because, like a tiny 
moon, each follows its own circular orbit 
around Saturn. 

Every 15 years, for a few days or weeks, 
the rings disappear. They cannot then be 
seen even with powerful telescopes, because 
they have their edges toward the carth. 

Uranus and Neptune. These planets 
are often called twin planets because they 
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are of about equal size. They are believed 
to be considerably like Jupiter, though much 
smaller. Uranus is too faint to be seen with 


the naked eye, except occasionally. 
tune is too far away ever to be seen without 
a telescope. 


Nep- 


4. What Are the Characteristics of Other Members 
of the Solar System? 


COMETS AND SUPERSTITION - When the 
great comet of 1947 appeared over Australia, 
the aborigines! called it the “star with 
smoke.” They thought that it was Woona, 
the terrible hunter of “heaven above sky,” 
with his cloud of spears. They thought that 
he had come to take away their dogs, which 
are the only things of value that they own. 
To frighten this terrible enemy away, the 
warriors painted themselves red. Also, they 
painted their dogs red to make Woona 
think that the dogs too were warriors. The 
men performed what they considered to be 
their most frightening dances. The women 
wailed. 


These measures proved successful! Obvi- 


ously (they concluded) Woona was terrified 
because he left in a few days without taking 
the dogs. 

Throughout all history, comets have been 
regarded with awe and fear. They are, 
however, much more interesting than im- 
portant. Comets that can be seen with the 
naked eye are rare, though about five are 
discovered every year with telescopes. Hal- 
ley’s comet will again be visible to every- 
body when it returns in 1986. 


COMET STRUCTURE . A comet consists 
of a head and a tail (illustration, PA 2E). 
The head usually has a bright inner nucleus,? 


‘Aborigine (áb 6 rjf ne): a member of the native 
race that occupied a locality before the white men 
settled it. 

?* Nucleus (nü'kle tis); plural, nuclei (nü'kl&i), or 
nucleuses (nü'kle tis čz), 


or core. The nucleus is believed to be com- 
posed of gases mixed with dust particles and 
other solid bodies that vary greatly in size. 
The tail is probably made up of fine dust 
and gases that have been forced out of the 
head by the sun's radiant energy. The tails 
of some comets are tens of millions of miles 
long. Yet the particles of dust and gases 
that compose them are so far apart that the 
tails are almost perfect vacuums. 

A comet’s tail always streams away from 
thesun. Hence, after the comet has rounded 
the sun and is speeding away, its tail pre- 
cedes its head. 


CAPTIVES OF THE EARTH - No doubt 
you have seen meteors, or shooting stars, 
streaking across the night sky. Perhaps you 
have seen one of the rather rare showers of 
meteors. One of the most famous occurred 
in 1833. An observer stated that the sight 
"was grand and awful" ‘The whole 
heavens appeared as if illuminated by sky 
rockets,” which were “as numerous as the 
Stars and flew in all directions." 

Meteors. Meteors are cold, solid bodies. 
Most of them range in size from that of 
grains of sand to that of small pebbles. 
Some weigh many tons. ‘They travel singly 
or in swarms, and revolve around the sun, 
as the planets do. If, however, one passes 
near a planet or a satellite, it may be cap- 
tured by that body.’ 

A meteor captured by the earth plunges 


?*Page 214, col. 2. 
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A Mount Wilson Observatory 


A, the head of Halley's comet photographed 
through a telescope in 1910. B, a painting of 
Halley's comet, Venus, and the crescent moon, 
made two days before the photograph was taken. 

How do you explain the fact that stars can 

often be seen through a comet's tail? 


into the atmosphere at great speed. It 
strikes the air molecules in its path with 
tremendous force. Both the molecules of air 
that it strikes and the surface of the meteor 
The 
surface of the meteor melts and vaporizes.” 


become white hot from the impacts.! 


It continues to do so until, usually, the 
meteor is completely vaporized away. The 
incandescent vapor surrounds and streams 
out behind the meteor, causing the streaks 
of light that we see. 

Recent studies of meteors by means of 
radar indicate that millions of them are 
added to the earth every 24 hours. They 
are reduced to meteoric dust, which slowly 
settles to the ground. But all the dust thus 
added to the earth in a 24-hour period 
would not fill a 2-ton truck. 

!Page 36, ftnt. 2. 

?Vaporize (và'pér iz): 
liquid to a vapor. 


to change from a solid or a 


Painting by Emma G. Hughes, 
after a sketch by W. L. Kennon 


Meteorites. An occasional meteor is too 
large to be completely reduced to dust 
while passing through the atmosphere. The 
part that is left plunges into the ground. 
Such an unconsumed meteor is called a 
meteorite? Therefore a meteorite is differ- 
ent from a meteor only in size. 

Most meteorites are pieces of dark, heavy 
rock. Many others are lumps of metal, 
chiefly iron, but partly nickel and small 
amounts of other elements? (illustration, p. 
218). Others are bits of rock and metal to- 
gether. At least 40 of the 92 elements that 


3Page 7. 

4Some astronomers class all the bodies that fall into 
and through the atmosphere as meteorites. They 
consider a meteor to be merely the streak of light that 
the meteorite gives off as it falls. 

5* element (él'€ mént): a simple substance, such as 
iron and nickel, that cannot be broken up into any 
simpler substance by ordinary chemical means, as 
a compound can (p. 62, def.). 
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compose the earth have been found in 
meteoric dust and meteorites. 

Fortunately, meteorites are relatively rare. 
Nobody has ever been known to have been 
hit by one. If it were not, however, for the 
protection that the atmosphere affords, all 
the.meteors would strike the earth’s surface, 
as only the meteorites now do. They would 
be a serious and constant menace and might 
make life on the earth impossible. 

A scientist has recently stated that mete- 
oric bodies may be a grave threat to rocket 
ships if such ships ever travel through space. 
He thinks that a meteorite as large as a sand 
grain could wreck a rocket ship. 

Origin of meteors and meteorites. At 
various times astronomers have advanced 
several theories to account for meteors and 


meteorites. According to one of these, 
meteors are fragments of a planet that ex- 
ploded ages ago. This planet is believed to 
have been smaller than the carth.! The 
asteroids could also have been fragments of 
such a planet. According to another theory, 
most meteors were formerly parts of comets, 
According to a third, meteors are scattered 
bits of matter and were formed at the same 
time that the rest of the solar system was 
formed. 

It has now been proved that showers of 
meteors are bits of matter lost from comets’ 
tails. Individual meteors are believed to 
have been formed along with the asteroids. 
How the asteroids were formed, however, is 
not yet certainly known. 

'Page 209, col. 1. 
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The Willamette! meteorite. It was found near Portland, Oregon, in 1902 and is 

the largest ever found in the United States. It is composed of more than 90 per 

cent iron and about 8 per cent nickel. The rest is cobalt, phosphorus, and sulfur. 
About low long and how thick do you estimate it to be? 


1Willamette (wï lAm"&t). 


American Museum of Natural History 
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Approximate! 
Members Distance Number 
of the from the Sun of Satellites, 


in Millions or Moons? 


of Miles 


Solar System 


l 


Sun 
Mercury 
Venus 
Earth 
Mars 
Ceres (the largest 
asteroid) 
Jupiter 
Saturn 
Uranus 
Neptune 
Pluto 


Probably none 


Facts about the Sun and the Planets 


Approximate 
Approximate Approximate Time Time of 
Diameter of Rotation Revolution 
in Miles (Length of Day) (Length of 
Year) 


860,000 25 days 
3,100 88 days 88 days 
7,700 Not known 224 days 
7,927 24 hours 365.25 days 
4,215 24 hours 37.3 minutes | 687 days 


480 Not known 4.6 years 


88,770 9 hours 55 minutes 11.86 years 
75,000 10 hours 12 minutes 29.5 years 
32,000 10 hours 48 minutes 84 years 
31,000 15 hours 48 minutes | 164.8 years 
3,550 Not known 248 years 


Make up questions that are suggested by the facts in this table and that can be 


answered from the materials in the preceding sections. 


Why do astronomers think it unlikely that Pluto has a moon? 


such questions: 


Here are two examples of 


Why are the times of rotation of all four major planets definitely known, while 
that of Venus is not? 


! Approximate (& prök'si mit): close to the true number, value, or amount. 


?Page 207, ftnt. 7. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 207-209. 1. Name the 
six kinds of celestial bodies that make up 
the solar system. 

2. All the bodies in the solar system re- 
volve directly or indirectly around the sun. 

3. Nearly every planet has one or more 
asteroids rotating around it. 

4. If the sun were larger, the gravita- 
tional attraction between it and the other 
bodies in the solar system would be greater 
than it now is. 

5. If the earth were farther from the 
sun than it now is, the gravitational attrac- 
tion between the two would be greater than 
it now is. 


Pages 209-214. 6. Only two of the planets 
are perfect spheres, and only one (Mars) is 
known to be without an atmosphere. 

7, All the planets revolve around the 
sun in the same direction, that is, from 
north to south. 

8. The smallest planet is Pluto, and it also 
is the one farthest from the sun. 

9. The planet whose day is as long as its 
year and which has no atmosphere and no 
soil or water is --?--. 

10. State three reasons why people like 
ourselves could not exist on Mars. 

1i. The asteroids are mostly between 
Mars and Venus, and they are much like the 
planets, only far smaller. 
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Pages 214-216. 12. The greatest planet 
is Saturn. 

13. Jupiter has prominent rings, and Saturn 
prominent belts. 

14. Every major planet has at least two 
moons, and __?__ is known to have twelve. 

15, Uranus and Neptune are more nearly 
the same size than are any two other 
planets except the earth and __?__. 

Pages 216-219. 16. A comet consists of 
a luminous zai that is partly solid and a lumi- 
nous /iead that is almost a complete vacuum. 

17. Meteorites and meteors are the same 
kind of body, but meteors are large enough to 
fall entirely through the atmosphere. 

18. Comets are rarely, if ever, captured 


by the earth, but __?__ are captured by the 
millions. 


SCIENTIFIC PRINCIPLES - 1. "The bigger 
two bodies are, the greater is the gravita- 
tional attraction between them. 

2. "All the planets revolve in a counter- 
clockwise direction and in almost the same 
plane. 

3. "All the planets are spheres that are 
slightly flattened at the poles. 


SCIENTIFIC TERMS 


Tasteroid *orbit 

*axis *planet 
*comet *revolution 
*element *rotation 
*gravitation Tsatellite 
*heavens *solar 
{meteor *solar system 


Tmeteorite *sun 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK 
From the incident on page 216, do you 
infer that the aborigines had seen a comet 
or comets before? Justify your inference. 
Can you be sure that your inference is cor- 
rect? Explain. What the aborigines did to 
frighten Woona away is an example of 
"trial and error” experimenting. Can you 
explain this statement? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. A number of years ago there was 
broadcast an imaginary invasion of the 
earth by an army from Mars. ‘The landing 
was supposed to have been made some- 
where in New Jersey. The program seemed 
so real that persons all over the country 
were terrified. Many persons near the 
“invasion point" fled their homes in panic. 


ane eee ë YO 1 


Crater Mound, in Arizona. What in this 


picture helps to give you an idea 


of the size of this crater? 


D. M. Barringer 


A International 


A, Saturn as photographed through a telescope; 
and B, as it seems reasonable to believe that it 
might look from its moon Titan. Topic for 
Individual Study: Further facts about the 
major planets. (Consult a textbook of astron- 
omy or an encyclopedia) 


What facts about Mars make the idea of 
such an invasion absurd? 

2. If there are living things on Venus, 
they cannot be like plants and animals on 
the earth. How many reasons can you give 
in support of this statement? 

3. In what ways does the earth’s at- 
mosphere hinder astronomers’ study of the 
celestial! bodies? 

4. Can you suggest a reason why a mete- 
orite the size of a grain of sand might wreck 
a rocket ship (p. 238, il)? 

5. Can you explain why the appearance 
of Saturn is so different in the two illustra- 
tions above? 

6. From Pluto the sun would look merely 
like a bright star in the sky. Explain. 

7. Venus is often called the earth's twin. 
How many reasons can you give to explain 
why? 

8. If two steamships were exactly on op- 
posite sides of the earth, would the smoke 
from their stacks be rising in the same 
direction? Would the smoke of other steam- 


1Page 208, ftnt. 5, 


B Chesley Bonestell | 
and The Viking Press 


ships on other oceans be rising in the same 
direction as the smoke of either of these 
two ships? Which direction is up? 


TOPICS FOR INDIVIDUAL STUDY - 
1. What theories can you find to explain 
why Saturn has rings, but no other planet 
has? Consult an encyclopedia or a text- 
book of astronomy. 

2. Look up meteors in an astronomy text 
or an encyclopedia to learn when the great 
meteoric displays occur. Also, in connec- 
tion with comets, see whether you can find 
the story of Biela’s comet. 

3. In Arizona, many thousands of years 
ago, a giant meteorite is believed to have 
blasted a huge crater (Crater Mound) in 
the earth? (illustration, p. 220). Moreover, 
in more recent times, what is believed to 
have been a great meteorite fell in the for- 
ests of Siberia and laid waste hundreds of 
square miles of land. Prepare a report on 
one or both of these meteoric craters. Con- 
sult textbooks of astronomy and an en- 
cyclopedia. 


?Page 7, col. ils 
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THE EARTH AND THE MOON 


1. How Are Places Located on the Earth? 


LOCATING PLACES ON THE EARTH - 
If you were on an ocean voyage, you might 
hear over the loud-speaker an astonishing 
announcement: ‘Tomorrow morning at 
eight o'clock, we shall meet the steamship 
Argo in order to transfer a sick passenger to 
that ship." Probably to your surprise, at 
eight o'clock the next morning, there the 
Argo would be. The navigators! of the ships 
would be able to guide their vessels as 
directly to the exact location in the open 


‘Navigator (nav't gà tér): one who directs the course 
of a ship or an airplane. 


ocean as you and a friend could go to a cer- 
tain street corner, where you had agreed to 
meet. 


MERIDIANS OF LONGITUDE AND PAR- 
ALLELS OF LATITUDE - Places on the earth 
are located by latitude and longitude. Thus 
the Argo might meet your ship at latitude 
30° N (north) and longitude 45° W (west). 
Latitude and longitude are both measured 
in degrees, minutes, and seconds. These 
minutes and seconds are parts of a circle, not 
measures of time. A degree is one-three- 


Meridians of longitude and parallels of latitude. What are the latitude and longi- 
tude of the north pole? of the south pole? of the ship Argo? 


Sunrise 
6 A. M. 


10 A. M Sd 
International 
Date Line y b. 


Sunset 
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hundred-and-sixtieth part of a circle. A 
minute is one-sixtieth part of a degree, and 
a second one-sixtieth part of a minute. 

Ona geographical! globe a circle is drawn 
that passes through both poles and also 
through Greenwich near London, England. 
By agreement among the nations, the half 
of this circle that passes through both poles 
and also through Greenwich is the prime 
meridian. Every point on the prime meridian 
is at zero longitude. ‘Then from zero longi- 
tude on the equator, or the point where the 
prime meridian crosses it, the equator is 
marked off into 360 equal parts. Each part 
is 1 degree. A half circle is drawn from pole 
to pole through each dividing point. These 
half circles are meridians of longitude. On 
the earth itself they are, of course, imaginary 
lines (illustration, p. 222). 

Similarly, the zero meridian is divided into 
180 equal parts, or degrees. Circles around 
the earth are drawn through each dividing 
point so that they are parallel to the equator. 
These circles are parallels of latitude. The 
equator is the zero parallel of latitude. 

Usually, on a small map or globe, only the 
meridians and the parallels PTO or2 15 
degrees apart are shown. On detailed sea 
charts and aviation charts, however, not 
only the degrees, but also the minutes and 
seconds are marked. Thus navigators can 
“pin-point” any spot on the earth. 

Places east of Greenwich as far as the 
180th meridian, or half-way around the 
earth, have east longitude. Those west of 
Greenwich to the 180th meridian, have west 
longitude. Places north of the equator have 
north latitude. Places south of the equator 
have south latitude. Thus the location of 
Niagara Falls in Canada is almost exactly at 
latitude 43 degrees north and longitude 79 
degrees west (43° N, 79° W). 


1Page 537, Glossary. 


Steamships, as well as airplanes, follow great 
circles on long voyages. Why? *Every merid- 
ian of longitude is half a great circle (illustra- 
tion, p. 222). Explain. Only one parallel of 
latitude is a great circle. Which one? 
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GREAT CIRCLES - Many people were sur- 
prised a few years ago to learn that aviators 
traveling from American and Canadian 
cities to Japan or China started north-ward 
and passed across the Arctic Circle. They 
did so in order to follow great circles. 

An easy way to find out what a great 
circle is, is to make one. With a pen, mark 
on an orange two points an inch or so apart. 
Draw a line on the surface of the orange 
to connect the two points (illustration, A, 
p. 223). This line is part of a great circle. If 
you continue the line in the same direction 
on around the orange from the second point 
to the first, you will complete the great 
circle. If then you cut through the orange 
with a knife, being careful to cut along the 
line of the circle all the way, the knife will 
pass through the center of the orange (illus- 
tration, B, p. 223). The flat face of each 
half will be a plane, the plane of a great 
circle (illustration, C, p. 223). 


A great circle on the earth is similar to the 
circle on the orange. Itis a circle that passes 
in any direction around the earth and has its 
plane passing through the earth's center, 

On one of the halves of the orange draw 
another line directly between any two points. 
This line will, of course, be part of another 
great circle. You will see that it is the 
Shortest line that could be drawn on the 
surface of the orange between these two 
points. Similarly, the shortest path between 
any two points on the earth's surface is the 
part of the great circle that passes through 
the points. 

There is no limit to the number of great 
circles that could be mapped on the earth's 
surface. Any number could be drawn 
through any point. Moreover, if the earth 
were a perfect sphere, all these great circles 
would be of the same size. They would be 
the largest circles that could be mapped on 
the earth’s surface. 


2. How Do We Keep Track of Time? 


TIME DIFFERENCES - Whenever an avia- 
tor flies directly north or south to any point, 
his time all the way is exactly the same as 
that of the place of his departure. Why? 
Because he stays on the same meridian. For 
the same reason, anybody who is directly 
north or south of you, anywhere between 
the north pole and the south pole, is having 
exactly the same time of day that you are 
haying. But anybody who is east or west, 
northeast, northwest, southeast, or south- 
west of you is having a different time of day 
from yours. Why, again? Because he is 
not on the same meridian that you are on. 


MEASURING TIME : We consider one day 
to be the time that it takes the earth to rotate 


completely on its axis.! For convenience, we 
divide this time into 24 hours. Thus the 
earth turns through one complete circle, or 
360 degrees, in 24 hours. It rotates through 
15 degrees every hour. Hence there is a 
difference of exactly one hour in time be- 
tween any two places that are 15 degrees of 
longitude apart, no matter what their lati- 
tudes may be. 

Sun time. The carth rotates on its axis 
from west to east, or, as you face the sun, 
from right to left.? Therefore the exact time, 
or sun time, of every place on the earth, ex- 
cept at the north and south poles, is con- 

Page 210. 


"This statement is true only of places in the North- 
ern Hemisphere. 
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What would be the sun time and the standard time at the north pole 


when it is noon at Greenwich? 


stantly changing. It is noon where you live 
at the exact moment when the sun is most 
nearly overhead. It is then morning at all 
places west of you and afternoon at places 
east of you. Therefore the people in Van- 
couver, British Columbia, are able to learn 
by radio before dinner the results of a hockey 
game played at Montreal in the evening. 
People in New York City cannot find out 
until long after dinner the final score of a 


football game which ends before five o’clock 
at Seattle, Pasadena, or other Pacific-coast 
city. 

Standard Time. Imagine how great the 
confusion must have been when every town 
had its own time (sun time). Even in the 
days of the covered wagon and of the horse 
and buggy, these time differences were an- 
noying. But after railroads crossed our con- 
tinent and Europe, and steamship lines 
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crossed the oceans, it became necessary to 
invent some convenient way of keeping 
track of the time. In 1884, therefore, the 
nations established standard time. 

The earth was divided into 24 time belts. 
Each belt was made 15 degrees wide because 
the earth turns through 15 degrees every 
hour, The prime meridian was made the 
center of the first of these time belts. The 
15th meridian west was made the center of 
the second, and so on around the earth. 
Then all places within each time belt were 
assigned the same time. This was the sun 
time of the meridian running through the 
center of the belt. Thus the sun time of the 
center of the belt became the standard time 
of the entire belt. 

To illustrate, New Orleans, St. Louis, and 
Memphis are almost exactly on the 90th 
meridian. This is the meridian that runs 
through the middle of the Central time belt. 
The sun time of the 90th meridian is 6 hours 
earlier than the sun time of the prime merid- 
ian. Therefore, when it is noon standard 
time at Greenwich, it is 6 A.M. standard 
time at New Orleans, St. Louis, and Mem- 
phis. Also, it is 6 A.M. standard time at 
every other place within the Central time 
belt. 

For local reasons the boundary lines be- 
tween the time belts have from time to time 
been shifted to the east or west (illustration, 
p. 225). 


WHY THERE ARE SEASONS - Have you 
made a long automobile trip from the cen- 
tral or southern United States into Canada 
during the summer? Or have you traveled 
by ship or over the Alcan Highway to 
Alaska? If so, you probably noticed that 
the number of daylight hours per day in- 
creased as you went north. If you made a 
Similar trip during the winter, you found 


the opposite to be true. Darkness came 
earlier each day, the farther north you went. 

The figure on page 227 indicates three 
reasons why there are seasons: 

'The earth makes a complete revolution 
around the sun in a year. 

The earth's axis is not perpendicular, or 
vertical, to the plane of its orbit. Instead it 
tilts at an angle of 234 degrees. 

The earth's axis points in the same direc- 
tion at all times of the year. 

The equinoxes. If you study the figure, 
you will note that the direct, vertical, rays 
of the sun strike the equator on only two 
days in the year. These days are usually 
March 21 and September 23. On these 
days the earth's axis is tilted neither toward 
the sun nor away from it. These two days 
are called, respectively, the spring equinox? 
and the fall equinox. On each of these days, 
and on only these two days, there are exactly 
12 hours of daylight and 12 hours of darkness 
at every place on the earth. On these days 
you are likely to read in the newspapers, 
“Today the sun crosses the equator,” or 
“Spring [or Fall] begins today." 

The solstices. If you examine the illus- 
tration again, you will see that on June 22 
the direct rays of the sun reach the parallel 
of latitude 233 degrees north of the equator. 
This parallel is the Tropic of Cancer. It is 
the same number of degrees north of the 
equator as that through which the axis of 
the earth tilts. Also, you will note that on 
December 22 the direct rays of the sun 
reach the Tropic of Capricorn, 234 degrees 
south of the equator. On June 22 or Decem- 
ber 22 you are likely to read in the news- 
papers, “Today is the summer [or the win- 
ter] solstice,” or “Today summer [or winter] 
begins.” 


‘Page 58, ftnt. 1. 


? Equinox (ë'kwï nóks). 
"Solstice (sól/stis). 
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for the other six months. 
darkness for the other six. Explain 
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All the land north of the Arctic Circle is in 
sunlight for the entire 24 hours of only one 
day of the year. That day is usually June 22. 
All the land south of the Antarctic Circle is 
in darkness on that day (illustration above). 
Six months later these conditions are re- 
versed. On December 22, usually, all the 
land north of the Arctic Circle is in darkness 
and that south of the Antarctic Circle is in 
sunlight for 24 hours. 

From winter to summer, for six months of 
the year, from December 22 to June 22, the 
direct, or vertical, rays of the sun move 
northward. Day by day, they move farther 
from the Tropic of Capricorn and closer to the 
Tropic of Cancer. During these six months 


M 


At every point north or south of the equator the number of hours per day during 
which there is daylight increases for six months of the year. Then it diminishes 
Explain. Each pole has daylight for six months and 


we are passing through winter and spring to 
summer. During these same six months the 
people of South America are having sum- 
mer, then fall. 

From summer to winter for the other six 
months, the direct rays of the sun move 
southward. During that half year we are 
having first summer, then fall. The South- 
ern Hemisphere is passing through winter, 
then spring. 


WHY SUMMERS ARE WARM - Why is the 
summer the warmest season of the year? 
An experiment will help you to answer this 
question: Direct the light of a flash-light 
upon a globe or a basketball, as indicated 
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One reason why summers are warmer than 
winters and why the tropics are warmer than 
the polar regions. Explain. Can you state 
two other reasons?! 


Pages 146, col. 1, and 147, col. 2. 


in the illustration on this page. Note the 
size and the brightness of the illuminated 
spot when the flash-light is in each position. 
In which position is the light most intense? 

*This experiment indicates one reason 
why summer temperatures are higher than 


3. What Is the Moon Like, and 
Effects on 


THE MOON’S SURFACE - Recently the 
newspapers discussed the possibility that a 
great pit may exist on the side of the moon 
opposite the earth. This pit was supposed 
to be deep enough so that an atmosphere in 
which people could live would be at its 
bottom. Such a condition, if it should exist, 
might make possible the existence of intelli- 
gent beings on the moon. It might even en- 


winter ones. "The more directly the sun's 
rays strike the earth's surface, the greater is 
the amount of the sun's heat that strikes 
every square mile of surface. 

Two other reasons are given in the next 
two paragraphs: 

*The more nearly vertical to the earth the 
sun's rays strike, the shorter is the path of the 
rays through the atmosphere. Hence less of 
the sun's heat is absorbed and scattered by 
the air, and more of it reaches the ground. 

*In summer there are more hours of day- 
light, during which the ground absorbs the 
sun's heat, and fewer hours of darkness, 
during which it cools, than in winter. There- 
fore, for several weeks after June 22, the 
earth is absorbing more heat during the day 
than it is losing by radiation at night. This 
is the reason, too, why June 22 is not the 
warmest day in the year and why the warm- 
est days are later in the summer. 

It may surprise you to note that the earth 
is nearer the sun in December than in June 
(illustration, p. 227). The reason is that the 
earth’s orbit is an ellipse! and therefore not 
quite a perfect circle. The added distance 
in June, however, is not enough to counter- 
balance the combined effects of the factors 
just stated. 


What Are Some of Its Important 
the Earth? 


able people to live there if they should ever 
be able to get to the moon, and should be 
able to endure the conditions there. 

The idea, however, is fantastic. It is not 
a scientific theory,* because there is no evi- 
dence to support it. It is true that the same 
side of the moon is always facing the earth. 


!Ellipse (č lps’). The outline of a football, as viewed 
from the side, is roughly an ellipse. ?Page 44. 
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Nobody has ever seen the other side. But 
there is no reason to believe that the part 
of the moon that cannot be seen is in any 
important respect different from the side 
that can.! Furthermore, the moon has no 
atmosphere, or, if it has, its atmosphere is 
not much denser than a perfect vacuum. 


1Pages 237 and 238. 
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have at its bottom an atmosphere su 
dense to support human life. 


FEATURES OF THE MOON'S SURFACE - 
The moon is a great ball of rock. Its sur- 
face is extremely rugged (illustration above). 
Its chief surface features are "seas," moun- 
tains, craters, rays, and rills. 
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Lunar seas. The lunar! seas are not 
oceans. They are dark, fairly round, and 
fairly smooth areas of the rocky surface. 
They are called seas because Galileo and 
other astronomers who studied them through 
crude telescopes a few hundred years ago 
thought that they were bodies of water. 
The largest is about 700 miles across. 

Lunar mountains. There are ten moun- 
tain ranges on the part of the moon that can 
be studied. One is about 400 miles long. 
Also, there are many separate, spire-like 
peaks. None of the lunar mountains is as 
high as Mt. Everest? in the Himalaya? 
Mountains, though some are more than 
5 miles high. 

Lunar craters. Some of the largest of 
the saucer-shaped craters are more than 
100 miles across. In many places one cuts 
across another. The walls of some are 
nearly 4 miles high. The Chubb Crater,‘ in 
northern Quebec, and Haleakala? are more 
like lunar craters than anything else on the 
earth and are larger than the smallest lunar 
craters. 

Astronomers have advanced several theo- 
ries to account for the lunar craters. Here 
are two: They may have been caused ages 
ago by volcanic eruptions. "They may have 
been caused by meteorites that struck the 
moon's surface. 

Lunar rays and rills. Lunar rays stretch 
from some of the moon's craters some- 
what like the spokes of a whecl (illustra- 
tion, p. 229). Many are several hundred 
miles long. They are light-colored streaks that 
continue across the mountains and craters. 

‘Lunar (lü'nér): of the moon or pertaining to the 
moon. 

"Mt. Everest is the highest known peak in the 
world. It is nearly 6 miles high. 

‘Himalaya (ht mà'là ya). ‘Page 6. 

‘Haleakala (hà'là à'kà lä’), on the island of Maui 
(mou'e), of the Hawaiian (ha wi'án) Islands, 


Astronomers do not yet know what they are 
or what caused them. 

The rills are cracks. Some are more than 
a mile wide and 100 miles long. 


PHASES OF THE MOON - The moon makes 
a complete revolution around the earth in a 
little more than 27 days. Moreover, except 
during lunar eclipses, half of the moon's sur- 
face is always lighted by the sun. Because 
the same side of the moon is always facing 
the earth, the part that is lighted by the sun 
is constantly changing. The sunlight shifts 
over the moon's surface from left to right (in 
a counter-clockwise direction).5 Therefore, 
during a complete revolution, every part of 
the moon's surface is in the sunshine half 
the time. Thus any spot that comes into 
the sunlight today will pass into darkness 
about 14 days hence. 

'The changes in the illumination of the 
side of the moon facing the earth are called 
the phases of the moon (illustration, p. 231). 

When the moon has reached the part of 
its orbit where it is most nearly between the 
sun and the earth, all that we can see of the 
lighted half is a thin crescent.” The horns of 
this crescent point to the left. This crescent 
is the new moon. After new moon the moon 
waxes for two weeks. This means that more 
of the half facing the earth becomes illu- 
minated, and hence more and more becomes 
visible each succeeding night (illustration, 
p. 231). At full moon the moon is on the 
opposite side of the earth from the sun. 
Then the half that faces us is entirely lighted. 

For the next two weeks the moon wanes. 
The lighted circle shrinks to a thin crescent 
with its horns pointing right. Then there is 
another new moon, and the cycle is repeated. 


ECLIPSES . It is commonly believed by 
people who have never experienced a total 
*Page 153, col. 1. "Page 221, il. B. 
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The moon’s phases. The 
drawings of the moon at 
the different points on its 
orbit show how the sun- 
light actually strikes it. 
Those in the outer ring 
show how much of the 
lighted part we can see. 
How would the moon 
look to you at new moon, 
first quarter, full moon, - 
and last quarter if you 
could see it from a point 
out in space between 
the earth and the sun 
and beyond the moon’s 
orbit? 


eclipse! of the sun that there is complete 
darkness during such an eclipse. This is not 
the case. The dimming of the light is fol- 
lowed not by darkness, but by a brief but 
unnatural and mysterious twilight. It is 
not strange that primitive people have al- 
ways been terrified by such a sudden and 
unexpected phenomenon.” 

In a partial solar eclipse the brightness of 
the sunshine is reduced so little that often 
the dimming is not noticed. 

How eclipses are caused. PLight travels 
in straight lines.’ Since the earth and the 


1*Eclipse (E kltps): the reduction of the amount of 
light that one heavenly body receives from another 
when a third body passes between the two. 

?Use the Glossary to review the meanings of terms 
already defined. 3Page 175. 


moon are so much smaller than the sun, the 
complete shadows of the moon and the 
earth are cone-shaped. The illustration on : 
page 232 shows how eclipses of the sun and 
the moon occur. In order to see the sun in 
total eclipse, you would need to be within 
the moon’s umbra. The sun's disk would 
then be completely hidden from you by the 
moon. In order to see the sun in partial 
eclipse, you would need to be within the 
moon's penumbra.’ The sun's disk would 
then be only partly concealed from you by 
the moon. 

During a total lunar eclipse the moon is 


AUmbra (tim’bré): the cone-shaped, complete 
shadow cast by a planet or a moon. 
SPenumbra (pē nüm'brá): the partial shadow cast 


by a planet or a moon. 
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Moon 


Path of 
total eclipse 


A, a total eclipse of the sun; B, a total eclipse 
of the moon. Topic for Individual Study; 
Annular eclipses. (Consult an encyclopedia) 


wholly in the earth’s umbra. In a partial 
lunar eclipse the moon is only partly in the 
earth’s umbra. 

Why eclipses are not more frequent. 
If the moon revolved around the earth in 
the same plane as that of the carth's orbit, 
then it would pass directly between the sun 
and the earth at every new moon. Thus 
there would be an eclipse of the sun about 
every 4 weeks. Also, there would be an 
eclipse of the moon about every 4 weeks, 
or at every full moon. But the moon’s orbit 


tilts, in much the same way that the rings of 
Saturn tilt (illustration, p. 221). Therefore 
the moon’s orbit cuts across the earth’s orbit 
at a small angle. Hence eclipses are not 
frequent. 

Why eclipses are rare sights. Not many 
people have seen a total eclipse of the sun, 
because the moon’s umbra sweeps across the 
earth in a narrow path. The widest this 
path can be is only about 170 miles, though 
it usually is several thousand miles long. At 
any spot a total solar eclipse may last only 
about a minute and never longer than about 
75 minutes. 

Perhaps you have seen a lunar eclipse, be- 
cause it is visible from half the earth’s sur- 
face at the same time. A lunar eclipse 
usually lasts about an hour and 40 minutes. 


THE TIDES - ‘The only effect of the moon 
upon the earth that is of practical impor- 
tance is the tides. These are caused chiefly 
by the gravitational attraction between the 
moon and the earth (illustration, p. 236). 
This attraction causes two “humps” of water 
to "pile up” on opposite sides of the earth. 
These humps remain in line with the moon 
as the earth rotates. Hence the earth turns 
under them. Consequently, as the shores 
advance under either hump, the water level 
rises along them. Thus the tide comes in, 
or floods. As the shores pass under either 
hump, the water level falls. Then the tide 
goes out, or ebbs. 

As the tide floods, the water level slowly 
rises for about 6 hours. A short pause (high- 
water slack) follows. Then, as the tide ebbs, 
the water level slowly lowers for about 6 
hours. Another pause (low-water slack) fol- 
lows before the Opposite tidal hump ap- 
proaches, bringing the tide in again. Thus 
the tides follow a cycle. They ebb and flow 
twice in about every 25 hours. 
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At new moon and full moon, the tides are 
higher than at any other time during the 
month.! These tides are called spring tides, 
though they occur every month and have 
nothing to do with the spring of the year. 
When the moon is at first and last quarters, 
the tides are the lowest of the month. These 
are called neap tides. 

Effects of tides. Great ocean liners 
usually enter harbors and dock at high tide. 
Then the water in the harbors is deepest. 


A few years ago, the great battleship Missourt 
remained for two weeks stuck in the mud of 
Chesapeake Bay. The final and successful 
effort to free her was made at high tide. 

Ebbing and flooding tides frequently shift 
and change the ship channels that lead into 
river mouths and into harbors.. This they 
do by filling existing channels and at the 
same time scouring out others. Thus they 
make expensive dredging necessary and 
sometimes cause shipwrecks. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not wrile 
in this book.) Pages 222-224. 1. Parallels 
of latitude serve for locating points on the 
earth that are east and west of the prime 
meridian; and meridians of longitude, for 
locating points north and south of the 
equator. 

2. The farther north of the equator, the 
closer together are the meridians of longitude. 

3. The shortest route between Miami 
and London is (1) along the prime meridian; 
(2) along the equator; (3) along the 20th 
parallel; (4) along a great circle; (5) 
straight northward from Miami. 

Pages 224-228. 4. If it is ten o'clock 
sun time in one town, it is -—'-- o’clock 
sun time in another town 15 degrees west 
of the first, and --?-- o'clock 15 degrees 
east of the first. 

5. New York City is almost in the mid- 
dle of the Eastern time belt. When it is 
noon standard time in New York City, it is 
P.M. standard time at points in the Eastern 
time belt east of New York City, and A.M. 
standard time at points in the Eastern time 
belt west of New York City. 

6. The direct rays of the sun shift north 
and south during the year because the earth’s 


"Page 236, “Topics for Individual Study,” No. 4. 


axis tilts and because it points always in the 
same direction. 

7. The earth is farthest from the sun when 
we are having summer and South America 
is having winter. 

8. The only days of the year that have 
12 hours of daylight and 12 hours of dark- 
ness are ..?.. and ..?... 

9. December 22 and June 22 are re- 
spectively the beginning o aand ol 

2 

10. State three reasons why summer is 
the warmest season. 

Pages 228-233. 11. Which of the fol- 
lowing features or conditions does the moon 
lack? (1) An atmosphere; (2) a rocky 
surface; (3) bodies of water; (4) mountain 
chains; (5) mountain peaks; (6) crater- 
like pits; (7) long, deep cracks; (8) a 
streaked surface; (9) plants; (10) animals; 
(11) people. 

12. What we call the phases of the moon 
are the portions of its lighted half that we 
can see at different times of the year. 

13. We can see the entire lighted half of 
the moon at new moon, when the moon is in 
the part of its orbit nearest the sun. 

14. We see a different side of the moon from 
that which the people of Asia see. 
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15. An eclipse of the sun occurs when the 
moon shuts off the sunlight from the earth. 

16. An eclipse of the moon lasts longer 
than an eclipse of the sun because the 
earth's shadow is larger than the moon’s. 

17. Tides are caused by the gravitational 
attractions between the sun and the --?-- 
and between the moon and the --?_-. 

18. The tides are greatest at new and full 
moon, when the sun, moon, and earth are in 
line. 


SCIENTIFIC PRINCIPLES - 1. "The num- 
ber of hours of daylight and darkness at 


any place on the earth varies with the sea- 
sons. 

2. "Temperatures at different places on 
the earth vary with the angle at which the 
sun's rays strike and with the numbers of 
hours of daylight and darkness. 


SCIENTIFIC TERMS 


*eclipse *standard time 
*equator *tide 
Tpenumbra *time belt 
Tphases of the moon umbra 
Tphenomenon 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
1. Which scientific attitudes do people 
lack who want to secure rights to property 
on the moon? How could the boundaries 
of each person's property be determined? 


2.Can you state in one sentence the 
problem that was solved by the invention of 
standard time? 


CONSUMER SCIENCE . 1. How does day- 
light-saving time reduce your light bills? 

2. How does the use of great-circle routes 
reduce the cost of air and ocean transpor- 
tation? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE : 1. Explain why an eclipse of the sun 
might be considered an eclipse of the earth. 


Where the sun is at noon at places on the same parallel of latitude as that of Salt 
Lake City and Pittsburgh. If similar drawings were made for places having the 
same latitude as New Orleans, would the sun at noon on each date be more nearly 
overhead or closer to the horizon than here indicated? Explain 


Spring equinox 
March 21 


Summer solstice 
June 22 


Fall equinox 
September 23 


Winter solstice 
December 22 
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2. Astronomers have been able to study 
more than half of the moon’s surface. Two 
factors have made this possible: The 
moon’s orbit makes an angle, or tilts, with 
the plane of the earth’s orbit. The moon os- 
cillates' a little. Can you explain how each 
of these factors has exposed to view some- 
what more than half of the moon’s surface? 


3. A degree of longitude at the equator 
equals a distance of about 70 miles. This 
distance decreases as the distance north or 
south of the equator increases. A degree of 
latitude, however, always equals about 70 
miles. Explain. 

4. A great circle is the shortest distance 
along the earth's surface between any two 
points. But it is not the shortest distance 
between the two points. Explain. 

5. If you were to land on the moon, what 
are some other problems, besides those 
mentioned in the text) that you would 
have to solve? 


6. Why should persons view a solar 
eclipse through heavily smoked glass? 

7.On page 226 it is stated that the 
boundary lines of the various time zones are 
shifted east or west for "local reasons.” 
What do you think some of these local rea- 
sons are? 

8. Why can you assume that winters are 
likely to be colder, and summers warmer, 
in the Southern Hemisphere than in the 
Northern? 

9. Why does complete darkness occur so 
suddenly on the moon? 


TOPICS FOR INDIVIDUAL STUDY - 1. 
Why are leap years necessary? How often 
do they occur? Consult an encyclopedia 
under the heading "Calendar." 


a i 
Nordmann Brothers, Paris 


1Qscillate (ós'Ylat); to swing from side to side; A study in shadows. In what zone and at 
to turn on an axis first in one direction, then in the [ 
GS what hour of the day do you infer that 
?Pages 237 and 238. this picture was taken? 


[235] 


Gravitational 
attraction 


Full moon 


ast quarter 


The tidal effects of the sun are only a little more 
than two-thirds as great as those of the moon. 
The reason is that though the sun is many 
million times as large as the moon, it is so much 
farther from the earth. Do you think that there 
could ever be tides in ponds? Explain 


—————————————————— 


2. The Gregorian calendar is the one 
used in the United States and Canada. It 
is not, however, in use all over the world. 
What are some of the other calendars that 
are now in usc? What are their advantages 
and disadvantages? Consult an encyclo- 
pedia under the heading “Calendar.” 
Make a report of your findings to your 
science class or science club. 


3. In an astronomy textbook or an en- 
cyclopedia find other theories, besides the 
two stated on page 230, that have been in- 
vented to account for the round depressions 
of the moon’s surface. 


4. It may be difficult for you to under- 
stand how spring tides can occur at full 
moon, when the moon and the sun are on 
opposite sides of the earth. One reason why 


they can is this: The gravitational attrac- 
tion between the sun and the earth and be- 
tween the moon and the earth act in the same 
straight line (illustration, left). For further 
explanation consult a textbook of astronomy 
or an encyclopedia. 


EXPERIMENT : Is the lighted half of the 
full moon larger when it first rises, as it 
appears to be, than when it is high in the 
sky? Prepare to perform this experiment 
on a clear night on which there will be a 
full moon. As soon as the entire lighted 
disk clears the horizon, sight at it along 
a yardstick. Move a 25-cent piece along 
the yardstick toward your eye until it 
barely blots out the moon. Quickly repeat 
what you have just done in order to make 
certain that you have located on the yard- 
stick the exact point where the coin first 
obscures the moon. Later, when the moon is 
high in the sky, repeat theoperations. Besure 
that your eye is exactly as close to the end 
of the yardstick as before. Is the point on 
the yardstick where the moon is completely 
obscured by the coin now closer to or farther 
from your eye than before? Answer the 
question at the beginning of this experiment. 


WHY NOT BECOME A SCIENTIST? . On a 
night when the moon is full, scan the sur- 
face of the moon carefully through binocu- 
lars or a small telescope. How many of the 
lunar features can you identify? Which 
features are you unable to identify? 


BULLETIN-BOARD DISPLAY Collect 
from newspapers and news magazines any 
pictures that you can of clocks and other 
devices that are used for keeping time. 
Paste the best ones neatly on a large sheet of 
cardboard. Under each picture place a 
neatly printed slip on which is stated the 
name of the device, the way in which it in- 
dicates time, and the purpose for which it 
is used. Display the poster in your science 
classroom. 
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A DAY ON 


You may have been astonished and amused 
to read in the newspapers that some people have 
been trying to secure ownership of land on the 
moon. Such people would probably say, "'Sci- 
ence will find ways to get us there safely on a 
rocket ship and to make it possible for us to live 
there comfortably." To be sure, a scientist has 
recently stated that it might be possible to invent 
means by which men could keep alive on the 
moon, provided that the moon's crust contains 
uranium, from which atomic energy could be 
obtained. But imagine yourself to be on the 
moon. Against what conditions would scientists 
have to protect you in order that you might re- 
main alive there? 

First of all, your suit would have to protect 
you from ultra-violet rays and other rays from 
the sun. Also, it would have to protect you from 
at least dust-size meteors. On the earth we do 
not need to worry about these rays and about 
small meteors. "The atmosphere protects us from 
them. But on the air-less moon, you could be 
killed by either the rays or the meteors almost 
at once. 

If you should arrive on the moon at daybreak, 
you could expect to have sunshine at the spot 
where you landed, for fourteen of our days, two 
whole weeks. The temperature would rise hour 
by hour. At the hottest time of day it would be 
almost as hot as the usual frying temperature of 
astove. If you should seek the shade of a neigh- 
boring peak, you would find the temperature 
there perhaps as low as that of Dry Ice. 

Unless you had brought water with you, you 
could not have a drink, because there is no water 


THE MOON 


on the moon. 


You could not hope for any 
clouds to moderate the sunshine. There is no 
water vapor there to form clouds. There would 
be no breezes to cool you. 

You would have nothing to breathe unless 
you had brought an oxygen supply with you. 
Moreover, without an atmosphere to carry 
sounds, you could not talk with anybody except 
by radio. You would be in silence more perfect 
than any you could experience on the earth's 
surface. 

There would be no use for you to look for 
plants or animals. There would not be any. 
None could live anywhere on the moon. 

You might be annoyed by the thick dust 
everywhere under-foot, but there would be no 
clouds of dust to bother you. You could not 
kick up a dust cloud if you should try. With- 
out an atmosphere to hold them up, even the 
tiniest dust particles would fall to the ground as 
fast as pebbles would. 

If you could move about easily in your pro- 
tecting suit, you would soon realize an advan- 
tage from having the moon's gravitation only 
about a sixth that of the earth. You could run 
through the dust at an astonishing speed. You 
could easily jump from one rock to another 
twenty or more feet away. (Think of a broad 
jumper who could jump 150 feet, a high jumper 
with a record of more than 36 feet, and a pole 
vaulter who could clear the bar at 90 feet !) 

How slowly the sun would seem to be pro- 
gressing across the sky! Sky? Yes, a black sky, 
and one full of stars even near the sun! 

'The earth would loom large. Before your 
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astonished eyes it would gradually pass through 
phases like the moon’s phases as seen from the 
earth (illustration, p. 231). You would have to 
wait until after sun-down, however, to see the 
“full earth.” 

Finally the end of the lunar day would ap- 
proach. As the sun sank below the horizon, 


a menacing, intensely black shadow would 


race up and over the crater rims and moun- 
tains toward you. Then, instant blackness. 
Even the scientists who had managed to keep 
you alive all day would hardly be able to make 
you comfortable’ for the night, when the tem- 
perature would be sure to approach absolute 
zero. 


Do you want to buy some land on the moon? 


© Chesley Bonestell and The Viking Press 
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THE GREAT BODIES IN SPACE 


1. What Is the Sun Like? 


THE IMPORTANCE OF THE SUN - To us 
the sun is the most important celestial body, 
except the earth. If all the planets, satellites, 
and other bodies in the solar system, except 
the sun and the earth, were suddenly de- 
stroyed, our lives would not be greatly af- 
fected. But suppose that the sun were to 
become much colder, or were suddenly to 
become many times hotter, as occasionally 
suns are known to do. Then all living 
things, including ourselves, would die very 
soon. But these possibilities should cause no 
concern. Astronomers see no reason to ex- 
pect that the sun will not continue to remain 
as it now is for billions of years. 


CHARACTERISTICS OF THE SUN - The 
sun is a whirling ball of incandescent? gases. 
As compared with the earth, it is enormous. 
A million and a quarter balls the size of the 
earth, rolled together, would scarcely make 
a sphere the size of the sun (illustration, 
right). An airplane making a non-stop flight 
at the speed of sound* would require about 
5 months to fly around the sun. The same 
plane could fly around the earth in approx- 
imately* 36 hours.’ 

The sun's surface temperature is known 
to be about 6000? C. At its center its tem- 
perature is probably many million degrees. 
The sun is constantly sending through space 


?Page 175, ftnt. 3. 


1Page 247, col. 1, No. 1. 
4Page 219, ftnt. 1. 


‘Page 208, col. 2. 
5Page 219, table. 
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quantities of light, heat, and other forms of 
radiant energy too great to be imagined. 
Although the body of the sun is composed 
of gases, it is nevertheless considerably denser 
than water. Hence it has a surface. This 
surface is surrounded by an atmosphere of 
intensely hot gases (illustration, p. 240). 
Above this atmosphere is a gaseous en- 
velope. This envelope is deep, but the 


*The corona (kō ro'nà). 


Imagine the earth as being at the center of the 
sun. Then the moon's orbit would be some- 
what more than half the distance from the sun's 
center to its rim. Bulletin-Board Display: 
Make a similar diagram to show the relative 

sizes of the sun and Jupiter 


HD of the sun 


The largest ever photographed extended 
surface. What evidence of 


"Prominence (próm/t néns): 


molecules! that compose it are so far apart 
that it is believed to be almost a perfect 
vacuum. 

Sun-spots. Almost eighteen hundred 
years before telescopes were invented, Chi- 
nese astronomers had recorded sun-spots 
(illustrations, PP- 239 and 247). Sun-spots 
are probably caused by eruptions of huge 
masses of gases from within the sun. Sun- 
Spots vary in diameter from 500 to 50,000 
miles. They appear, grow to their greatest 
Size, and disappear in periods that may vary 
from a day to 18 months. 

Importance of sun-spots. Sun-spots are of 
considerable importance to us. When they 
are numerous, they cause magnetic storms 
on the earth. These often interfere seriously 
with long-distance radio and with telegraph 
communication. There is evidence to indi- 
cate that sun-spots may have some effect also 
upon the earth's climatic Cycles. If so, they 
may affect the growth of trees, 


'Page 35, col. 2. 


Solar prominences.! They are probably ma 


something that extends outward, or projects. 


High Altitude Observatory of Harvard University and University of Colorado 
sses of glowing gas separated from the sun. 
more than a million miles above the sun’s 
convection? do you see here? 


*Page 109, 


CLASSIFYING STARS . In the second cen- 
tury A.D., Ptolemy? classified? the stars on 
the basis of their brightness, Since there 
were then no telescopes, he could consider 
only the stars that could be seen with the 
naked eye. He divided them into six classes 
according to their brightness. The stars of 
each class were about two and a half times 
brighter than those of the next. He called 
these classes magnitudes! because he thought 
that a star’s brightness indicated its size. 
Thus the stars of the first magnitude were 
about twenty of the brightest ones. The 
Stars of the sixth magnitude included several 
hundred of the faintest ones. 

This method of classification is still used. 
With the Hale telescope? it has been ex- 


"Page 207, ftnt, 4, 

"Classify. (klXs't fi): to put into groups or classes 
in accordance with Some system, Classification (klăs- 
Yffka'shün): the act or the result of classifying. 

‘Magnitude (m&g'n¥ tid): size or greatness; in as- 
tronomy, the degree of brightness of a star or other 
heavenly body, *Page 211, ftnt. 6. 
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tended to include stars of the twenty-first 
magnitude. Astronomers now know, how- 
ever, that brightness does not accurately in- 
dicate the size of stars. A star may be bright 
because it is near, though small, or because 
it is very hot, though far away. Astronomers 
cannot tell how bright a star really is until 
they can find how far away from the solar 
system it is. 


CHARACTERISTICS OF STARS - All suns 
are stars, and all stars are suns. "All luminous 
stars are globes of hot gases. It is believed 
likely, moreover, that they all are composed 
chiefly of the same chemical elements,' but 
in slightly different proportions. There are 
also, in space, dark bodies that are believed 
to be solid, like planets, but larger. Some 
astronomers believe that, ages ago, these 
bodies may have been flaming suns. 

Stars are not stationary, as they appear to 
be. Every one is moving through space at 
great speed because of the gravitational at- 
traction between it and some other body or 
bodies. We cannot see the stars move, be- 
cause they are too far away. But astrono- 
mers, with their precise instruments, can 
plot their courses and predict their positions. 


'THE SUN AS A STAR - In spite of its impor- 
tance to us, the sun is not, in most respects, 
a remarkable star. It is a little larger than 
the average. Yet, in comparison with the 
greatest stars, it is minute (illustration on 
this page). Six known stars are more than 
a billion miles in diameter. 

The sun is a little denser than the average 
star. A cubic inch of it would weigh about 
two thirds of an ounce. In contrast, Antares? 
and other great stars are almost perfect 


IPage 217. 

?4nlares (án t&r'ez). This is a Greek name, mean- 
ing "similar to Mars," because, like Mars, Antares 
has a reddish tint. 


cC ` Orbit of 
n à y : Neptune 


If the largest known star were placed in our 

solar system, with its center at the sun’s cen- 

ter, its surface would be almost as far out as 

Neptune. Why are the earth and the moon 
not represented in this drawing? 


vacuums. At the opposite extreme the 
smallest known star is so dense that a cubic 
inch of it would weigh more than 1000 
pounds. No truck could carry a lump of this 
latter star the size of a basketball. 

The sun is somewhat more massive than 
the average star. This means that it has a 
greater mass—contains more matter.? 

The sun is a medium-hot star. The tem- 
peratures of stars are indicated by their 
colors. The colors range through blue, 
white, yellow, orange to dull red. The blue 
stars are the hottest ones. The red stars are 
the coolest of those that are luminous. The 
sun is a yellow star. The blue ones are about 
six times as hot as the sun. The dull-red 
stars are about a fourth as hot. 


*When you study physics, you will learn a more 
exact definition of mass. 
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2. What Is the Universe Like? 


THE UNIVERSE AND THE BODIES IT 
CONTAINS - On a clear night you may hear 
somebody say, “The sky is full of stars to- 
night.” No statement could be farther from 
the truth. If you have good eye-sight, you 
can see nearly 3000 stars on a clear, moon- 
less night. With even a small telescope, you 
could see many thousands. Astronomers 
know that there are countless millions. Yet 
numerous as the stars are, they are never- 
theless widely scattered. 

Distances in space are too great to be 
measured in miles. Instead they are meas- 
ured in light-years. A light-year is the dis- 
tance that light travels in one year, at the 
rate of about 186,000 miles per second. 


$$$ 


Three familiar constellations. As you can see, 
the Greeks used imagination in naming the con- 
stellations. Why are the two Bears the most 
important constellations for you to be able to 
recognize? 


Thus a light-year is about 6 million million 
miles. On this scale the moon is not quite 
1$ light-seconds distant from the earth, 
and the sun only about 8 light-minutes. 
The star nearest our sun? is about 44 light- 
years away from the earth. In contrast, 
star systems a billion light-years distant are 
revealed by the “Big Eye." 


CONSTELLATIONS - When you think of 
groups of stars, doubtless you think of con- 
stellations. These, however, are not really 
groups of stars. They only appear to be. 
Sometimes what appears to be a star in a 
constellation turns out to be a distant neb- 
ula.’ Nebulae will be described later. 

The constellations that we can see were 
named long ago by ancient peoples, chiefly 
the Greeks. These peoples gave to some 
star groups the names of heroes and heroines 
of their myths and to others the names of 
familiar animals. Examples are Orion (the 
mighty hunter), the Scorpion, Hercules,’ 
and the Great and Little Bears (illustration, 
left). But they could see only the constel- 
lations in the northern skies. The constel- 
lations of the Southern Hemisphere were 
later identified and named, to a consider- 
able extent, by mariners on voyages of trade 
or discovery. Hence many of these constella- 
tions have names wholly unlike those of the 
northern constellations. Examples are the 


‘Astronomers sometimes use an even larger unit, 
the parsec (par’stk), which is 3.26 light-years. 

"Proxima (prök’si ma) Centauri (sën tór'i). 

**Constellation (kön stě la'shün): commonly, a 
group of stars; astronomically, a certain definite 
area or division of the sky that is occupied by such 
a group. 

‘Nebula (ntb'ü là): plural, nebulae (n&b'ü lē). 

*Orion (6 ri'ón). 

"Hercules (hür'kü lez). 
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Crater, the Southern Cross, the Microscope, 
and the Telescope. - 

In the second century A.D., Ptolemy made 
a complete list of the forty-eight constella- 
tions then recognized. Later astronomers 
added others until now there are eighty- 
eight. 

Constellations are no longer considered 
as groups, but as areas, or divisions, of the 
heavens. Each has definite boundaries. 
Together they make up a map of the entire 
sky. This map is made into a celestial globe, 
as the map of the whole earth is made into a 
geographical globe. 


THE GALAXY - About 100 billion stars, 
including the sun, make up one group, 
called the Galaxy.! This vast star system is 
shaped like a disk or a convex lens? that is 
about six times as wide as it is thick (illus- 
tration, A and B, p. 244). This disk is 
estimated to be 100,000 light-years in diam- 
eter and 15,000 light-years thick. The sun is 
somewhat nearer to the edge of the Galaxy 
than to its center. 

The entire Galaxy is rotating. The stars 
near the center are traveling at enormous 
speeds. Those near the outside are moving 
more slowly. The sun, together with all the 
other bodies that compose the solar system, 
is being whirled through space at the rate of 
nearly 200 miles per second. This motion, 
however, is a different one from that men- 
tioned on pages 208 and 209. 

Members of the Galaxy. Perhaps half 
the stars in the Galaxy travel by themselves. 
They move in straight lines in all directions. 
Others are in groups that move in various 
ways. These groups include double stars, 
multiple stars, and star clusters. 

XGalaxy is capitalized when it refers to our system 
of stars, to distinguish that system from the countless 


other galaxies that are known to exist. 
?Page 181, il. 


A double star is really two stars that re- 
volve around each other. In the sun's 
*neighborhood" in the Galaxy, about half 
the stars are either double or multiple. 

Multiple stars are three or four stars that 
are all revolving around the same point. 
The pole-star® is a familiar multiple star 
(illustration, p. 242). It is not one star, but 
three. 

Star clusters are groups of stars that vary 
in numbers from a few to many thousands. 
All the stars in a cluster are moving in the 
same direction at about the same speed. 
Perhaps you are familiar with the faint 
group that is known as the Seven Sisters! 
(illustration, A, p. 248). It appears to be 
composed of only six or seven stars, but 
actually it includes about five hundred. 

Besides stars, the Galaxy contains many 
luminous, cloud-like patches. These are 
nebulae (illustration, p. 244). They are 
vast masses of dust and gases. Not all neb- 
ulae, however, are luminous. Many are 
dark. The dark ones would never have 
been discovered if they had not dimmed or 
hidden luminous bodies that were beyond 
them. They were formerly thought to be 
holes in the universe, through which the 
great telescopes peered into black, empty 
space. 

The Milky Way. No doubt you have 
often seen the broad, dim band of light that 
stretches clear across the night sky. Accord- 
ing to an Indian legend, it is the dust that 
was kicked up when a horse chased a buffalo 
across the sky. Actually, it is the combined 
light of millions of stars. These stars are 
members of our Galaxy. Astronomers 
commonly call our Galaxy the Milky Way 
System or, often, merely the Milky Way. 

Without a telescope we cannot see the 


3Polaris (po la'ris): the pole-star, or North Star. 
4The Pleiades (ple'yà dez). 
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Mount Wilson Observatory, Dominion Astrophysical Observatory 


Our Galaxy, or Milky W ystem, is believed to resemble the two nebulae shown 


in A (viewed from above or below) and B (viewed from the side). Three other 
types of nebulae are illustrated by C (ring nebula), D (Horse-head nebula, a dark 
nebula), and E (Crab nebula). If somebody should ask you, “What is a nebula?" 


what would your answer be? 
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separate stars. But, from our place inside 
the Galaxy, we see their combined light as a 
glow because we are looking across the 
Galaxy "the long way." We are looking 
across its equator, in the direction in which 
the stars are thickest. 


ARE THERE INHABITED PLANETS BE- 
SIDES THE EARTH? - It is not known as yet 
whether there are in the Galaxy other solar 
systems besides our own. A few years ago 
astronomers thought it unlikely that any 
other sun than ours could have planets re- 
volving around it. Now, however, many 
believe it possible that some, perhaps many, 
do. In fact, an astronomer recently an- 
nounced his discovery of what may be a 


planet in the constellation of the Swan.! 


OTHER GALAXIES - Beyond the Galaxy, 
at almost infinite distances, are other patches 
resembling the luminous nebulae in the 
Galaxy. But they are not clouds of dust and 
gases like the luminous nebulae in the Gal- 
axy. They are remote galaxies, or star sys- 
tems, similar to our own. Many are known 
to be smaller. But no galaxy that is definitely 
known to be larger has yet been found. 

More than a million have been noted on 
photographs taken through the great tele- 
scopes, and a billion are within range of the 
“Big Eye.” 


MORE ABOUT SPACE Astronomical 
knowledge has been growing at a rapidly 
increasing rate in recent years. Astronomers 
have been gaining a more complete and 
accurate knowledge of space, as well as of 
the heavenly bodies in it. 

Space is defined on page 20 as a vacuum. 
It is more nearly a perfect vacuum than any 
other known to exist. Yet it is not a perfect 
vacuum. Scattered all through its infinite 
reaches are particles of hydrogen and prob- 
ably other gases. These particles are infini- 
tesimal.? But, compared with their sizes, 
their distances apart are enormous. Still 
space is so vast that if all these particles were 
combined into one mass, this mass would 
contain as much matter as is in all the stars 


combined. 


SUMMARY . "The earth, which seems 
to us so huge, is only a speck as compared 
with the sun. The sun is infinitesimal as 
compared with the solar system. The entire 
solar system occupies only an infinitesimal 
part of the space occupied by the Galaxy. 
The Galaxy is only one of many millions of 
galaxies. ‘These galaxies are thousands or 
even millions of light-years apart. 

It is no wonder that our minds become 
confused when we try to comprehend such 
facts as these! 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 939-241. 1. Which of 
the following statements about the sun is or 
are true? The sun (1) is more than a mil- 
lion times bigger than the earth; (2) is 
composed of white-hot gases; (3) has an 
atmosphere of flaming gases above its sur- 


Cygnus (sig/nüs). 


face; (4) is one of the biggest stars; (5) is 
the star that is closest to the earth; (6) is a 
blue star; (7) is not really a star; (8) is one 
of the hottest celestial bodies; (9) is station- 
ary in space; (10) is probably a thousand 
times hotter in the middle than at the surface. 


2Infinitesimal (in fin {t&s'{ mal): infinitely small; 


too small to be calculated. 
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2. Which of the following statements is 
or are true of sun-spots? Sun-spots (1) 
appear and disappear on the surface of the 
sun; (2) are a possible cause of volcanic 
eruptions on the earth; (3) cause thunder- 
storms; (4) may bring about changes in 
the earth’s climate; (5) are in some cases 
smaller and in others larger than the earth; 
(6) are non-luminous areas; (7) are of 
unknown nature. 

3. All luminous stars (1) are motionless 
bodies; (2) vary in color from yellow to 
blue; (3) are balls of hot gases; (4) are 
always in pairs; (5) are equally bright 
when viewed through a telescope. 

Pages 242-245. 4. Distances in the 
heavens are commonly measured in (1) 
miles; (2) millions of miles; (3) billions of 
miles; (4) light-years; (5) parsecs. 

5. Constellations are areas rather than 
groups of __?__, 

6. The sun is a member of a great rotat- 
ing group of stars called the __?__ 


7. The Galaxy consists of about __?__ 
Stars. 


8. What are the different kinds of star 
groups found in the Galaxy? 


9. Nebulae are enormous masses of 
gases and dust, and a// are luminous. 

10. There may be as many as a million 
galaxies such as our Milky Way System. 

11. Astronomers now believe it impossible 
that there are other inhabited planets be- 
sides the carth. 


12. Space is almost a perfect __?__. 


SCIENTIFIC PRINCIPLES - 1. "All the lu- 
minous stars are incandescent balls of in- 
tensely hot gases. 

2.PAll the stars are moving through 
space at great speeds. 

3. "The stars in the Galaxy are single or 
in groups whose members vary in number 
from two to thousands. 


SCIENTIFIC TERMS 


*constellation 
*galaxy 


Tnebula 
space 


Tsun-spot 
*star 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK . 
1. Space is infinite, that is, without limits or 
bounds. Why do astronomers accept this 
statement as a theory, but not as a fact? 


2. Which of the scientific attitudes are 
indicated in the paragraph under “Are 
There Inhabited Planets besides the 
Earth?” on page 245? 

3. Astrology! is older than astronomy. 
But astrology is not a science. It is what is 
called a pseudo? science. Astrology is based 
on the belief that the planets and other 
heavenly bodies influence and even control 
people’s lives. Such a belief was long ago 


‘Astrology (ds trül'o jt). 
"Pseudo (sü'do): false; deceiving. 


proved by scientists to be wholly without 
foundation. Yet millions of people believe 
in astrology. What scientific attitudes are 
indicated in this paragraph? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. Let us suppose that there could be 
intelligent beings on Proxima Centauri.’ 
Let us suppose also that they could observe 
events on the earth. They would not be 
able to watch this year’s World Series games 
until about four years after the games had 
been played. Explain, 

2. Can you explain this statement on 
page 243': “This motion, however, is a dif- 


*Page 242. 1691.4, 1. 31. 
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ferent one from that mentioned on pages 
208 and 209"? 

3. Stars twinkle; planets do not. But a 
stars twinkling is no motion of the star 
itself. What do you infer its cause to be? 
(Convection and refraction are both in- 
volved.) 

4. The earth receives only about one two- 
billionth of the energy that the sun radiates. 
What do you think happens to the rest of 
the sun's energy? 

5. Astronomers actually know less about 
the characteristics of our Galaxy than they 
do about some distant galaxies. Explain. 


6. If a cubic inch of one of the densest! 
stars was somehow brought to the carth, 
do you think that its weight would be in- 
creased or diminished? Explain. 


TOPICS FOR INDIVIDUAL STUDY - 1. 
Many stars have been known to flare up 
brilliantly within a day or two and to be- 
come perhaps a million times as bright as 
before. Then they slowly fade during many 
months. Such stars are called novae? If 
the sun were suddenly to become a nova, all 
living things would die. However, such an 
occurrence is hardly even a possibility. 
Consult an encyclopedia to find out all you 
can about novae. Prepare a report for your 
science class or science club. 

2. The ancient Greeks named the Ple- 
iades after the seven daughters of Atlas. 
Yet they could see only six stars in the 
group. Look up Pleiades in an encyclopedia 
for an explanation of why the Greeks named 
six stars after seven sisters (illustration, 
p. 248). 

3. Consult a textbook of physics to find 
how the speed of light has been determined. 
Your report would be a suitable program 
number for your science club or a suitable 
basis for an English theme. 


1Page 109, ftti 
2Novae (nó've); singular, nova (no'và). 


"Mount. Wilson Observatory 


Sun-spots. What they are is not yet known. 
The black spot in the left-hand corner is added 
to indicate the size of the earth drawn to the 
same scale for comparison. Sun-spots are not 
black, but are merely dark by comparison. 
Can you explain this last statement? 


DIGNE ES US Ne D e E SEDIT 


4. The element helium was discovered 
in the sun before it was found in the earth. 
Look up the story of the discovery of helium 
in an encyclopedia. 

5.Prepare a report on the important 
constellations of the Southern Hemisphere. 
You will find a map of these constellations 
in an encyclopedia. Diagram a few, as on 
page 242, for the bulletin board. 
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A Hardy and Kennon, University of Mississippi Observatory 


B Mount Wilson Observatory 


4, the Pleiades, an open star cluster; and B, a globular! star cluster. 
What members of the Galaxy are not shown here? 


IGlobular (glób'ü lér): shaped like a globe, or ball. 


EXPERIMENT - If you line up a near 
object and a distant object, then look at 
each in turn as you move your head from 
side to side, does either or neither, or do 
both, move in the same direction as your 
head? Select some object such as a flag- 
pole that you can see some distance away 
through a window. Fix a support rod, a 
pencil or some other rod-like object, ver- 
tically in the window. Standing several feet 
from the window, line up the rod with the 
distant object. Keeping your gaze fixed on 
the nearer object, move your head slowly 
to the right, then to the left. Repeat. 
What apparent movements of either or 
‘both objects do you observe? Now look 
only at the farther object and move your 
head as before. Again repeat. What ap- 
parent movements do you now observe? 
Repeat the whole experiment until you are 
sure that you can answer the question at 
the beginning of the experiment. What is 
the answer? 

This experiment illustrates parallax.’ Par- 
allax is used in determining the distances 


‘Parallax (p&x'& láks). 
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of stars. Look up the term in a dictionary 
or an encyclopedia. 

Which of the elements of scientific method 
is illustrated by repeating the experiment? 
What is the purpose of this element? 


SCIENCE OUT OF DOORS . Studying 
the constellations in the northern sky. 
Secure a star map and use it for locating 
and identifying conspicuous constellations 
and stars. Mark with red dots on your map 
the constellations and stars as you learn to 
recognize them. Post your map on the 
bulletin board in your science classroom. 


SCIENCE IN THE NEWS . Collect from 
newspapers and news magazines as many 
articles as you can concerning sun-spots 
and their effects on the earth and its climate. 
Select the best ones and submit them to 
your teacher for use in your science class and 
for a permanent file of materials. 


BULLETIN-BOARD DISPLAY >» Collect 
from newspapers and magazines pictures 
relating to various aspects of astronomy. 
Post the best ones on your bulletin board. 
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THE CHANGING EARTH AND 
THE WEALTH IT CONTAINS 


Standard Oil Company (New Jersey) 
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CHANGING EARTH 


1. What Is the Nature of the Solid Earth? 


"OUR IDEAS CHANGE AS KNOWLEDGE 
GROWS” - In some localities near the Great 
Lakes, it is not uncommon for boys and girls 
on their hikes to find rock-like specimens of 
coral. The animals that build coral shells 
have never lived anywhere except in warm 
ocean waters. How, then, can we account 
for the coral shells that are found near the 
great fresh-water lakes? 


Occasionally a piece of soft coal or lime- 
stone is found that has on its surface a clear 
impression of a fern leaf. How can such 
a print be explained? 

In many parts of the country sea shells are 
found, even on high hill-tops. How could 
they have got there? 

Do you read science items in the news- 
papers? If so, did you see a few years ago 


TIONEM 0— 


The “birth” of an island. From the evidence shown in this illustration, 
how do you think this island was formed? 


Acme 


the report of a small island that suddenly ap- 
peared in the ocean near Japan (illustration, 
p. 250). How could such a thing as this 
happen? 

Not much more than a century or so ago, 
such phenomena were complete mysteries. 
Scientists had not yet discovered the facts 
that would explain them. Later they did, 
and the explanations will be indicated far- 
ther on in this unit. There are, however, 
many other aspects of the earth’s history 
that scientists cannot yet account for. One 
especially has been of great interest to them 
for several centuries. It is the problem of ex- 
actly how the earth and the other. members 
of the solar system were formed. 

A number of hypotheses! have been pro- 
posed. But later each in turn has been 
found unsatisfactory. It failed to account 
completely either for some facts already 
known or for some discovered later. Scien- 
tists hope, however, to arrive in time at a 
complete and satisfactory explanation of 
how the solar system was formed. 


THE SOLID EARTH - Whatever that final 
explanation may be, scientists now accept 
the following statements as facts: 

*The solid earth is composed of fairly 
definite regions. These are the crust, the 
mantle, the shell, and the central core (illus- 
tration on this page). 

*PIn general, the greater the distance be- 
low the earth's surface, the higher is the 
temperature. The deep interior is therefore 
intensely hot. At the earth’s center the tem- 
perature is probably thousands of degrees. 

*In spite of these high temperatures, how- 
ever, the earth’s interior is not a mass of 
molten? rocks and metals. It is solid except, 
possibly, in the central core. This core may 


1Page 44, ftnt. 2. ?Page 117, col. 1. 
3Molten (mol tén): melted. 


The regions of the earth's interior. Note that 
a heavy line indicates the thickness of the earth's 
crust, which is part of the mantle. Topic for 
Individual Study: How the study of earth- 
quake waves has enabled geologists! to discover 
the structure of the solid earth. (Consult a 
textbook of geology)? 

1Page 6, ftnt. 6. 2After J. B. Macelwane and 


Internal Constitution of the Earth, by Beno Gutenberg, 
McGraw-Hill Book Company, Inc. 
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be liquid, but if so, it is highly viscous.* In 
any case, the earth’s interior as a whole is 
rigid’—probably more rigid, even, than 
steel. 

*Only the earth’s crust is of general im- 
portance. It is a layer of rock twenty or 
more miles thick. This rock is of relatively 
low density. The layer of soil that covers 
part of the rocky crust is too thin to be repre- 
sented in the diagram on this page. Yet it 
is the part that is of greatest importance to 
us because without soil there could be no 
life on the earth. 


MINERALS, ROCKS, AND ORE - No doubt 
you have examined specimens of ores," such 
as iron, gold, or silver ore. In talking about 

4Viscous (vis‘ktis): flowing slowly, like hot tar. 

5Rigid (rij'íd): stiff and unyielding. 

Ore (or). 
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such specimens, one person might call them 
rocks. Another might call them minerals. 
A third might speak of them only as ores. 
Could all three persons be right? Do these 
three terms all have the same meaning? No. 
What, then, are the differences? 

A mineral is an inorganic! element? or 
compound? that is found in its natural state 
in the earth’s crust. Gold is a mineral ele- 
ment. Quartz, feldspars,? and micas‘ are 
among the commonest mineral compounds. 
More will be said about them later. Of 
course all pure samples of an element, such 
as pure gold, are alike in composition. 
Similarly, all samples of the same pure min- 
eral compound are composed of the same 
elements in the same proportions. Thus 
they have the same color, density, and other 
properties. Each can be represented by a 
chemical formula.* 

A rock is a solid mass that is usually com- 
posed of several minerals. These minerals 
are in a compact mass. They are not, how- 
ever, combined chemically into a single 
chemical compound, as are the elements 
that compose a mineral compound. For this 
reason, a rock cannot be represented by a 
chemical formula, as a mineral can, For 
this reason, also, different samples of the 
same kind of rock have somewhat different 
properties. To illustrate, the minerals 
quartz, feldspar, and mica, with small quan- 


Unorganic (in dr gán'fk). Inorganic matter is matter 
that is not and never was alive or a product of a living 
thing. Glass and rock are examples of inorganic mat- 
ter. *Organic (ôr gin’tk) matter is or was a part or a 
product of a plant or an animal. Every organic sub- 
stance contains carbon, Scientists representing dif- 
ferent branches of science have different definitions 
for inorganic and organic. 

*Use the Glossary for reviewing the meanings of 
terms already defined, 

*Feldspar (féld'spàr). 

‘Mica (mi'kà). 

*Page 33, “Topics for Individual Study,” No. 3. 


tities of other minerals, together make up 
the rock granite. But different samples of 
granite contain somewhat different propor- 
tions of these minerals. Therefore different 
samples of granite are somewhat different 
in appearance, density, and other ways. 
Marble and limestone, even the purest 
deposits, are composed of more than one 
compound. Hence they are found in vari- 
ous colors. 

An ore is a rock that contains some desired 
mineral in sufficient quantity so that the 
mineral can be mined at a profit. Thus 
granite that contains iron or gold in paying 
quantities is an ore. 


THE EARTH'S CRUST - The illustration on 
page 253 shows the composition of the 
earth's crust. You will note that practically 
all of it is made up of only 8 of the 92 natural 
elements. Moreover, practically all the 
earth’s crust is made up of only a few com- 
mon minerals that are composed of different 
combinations of these 8 elements. To illus- 
trate, feldspars are the most abundant 
minerals in the earth’s crust. They are all 
composed chiefly of the elements oxygen, 
silicon, and aluminum. Silica is found all 
over the earth in various forms. The most 
common ones are sand and quartz. Others 
are jasper, opal, agate, and flint. 


METALS AND NON-METALS - Chemists 
put all 92 of the natural elements into 
two groups, the metals and the non-metals. 
They have definite ways of separating these 
two groups, which you will learn when you 
study chemistry. For our purposes, how- 
ever, a few general characteristics of metals 
will serve to distinguish them from non- 
metals. 

All the metals, except gold and copper, 


Granite (grán^tt). "Page 217, col. 2. 
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A student drew this 
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graph on the blackboard to show the approximate? composition 


of the earth’s crust. Make up questions to be answered from the facts shown here. 


For example: 
present these same 


“Nearly half the earth’s crust consists of what element?” Could you 
facts with other kinds of graphs? Make one 


for the bulletin board 


1Page 219, ftnt. 1, legend. 


are “white”; that is, they look about like 
silver or tin. Most of them will take a polish. 
Many of them can be hammered into thin 
sheets. Gold, for example, can be hammered 
into sheets that are only one thousandth as 
thick as this page. These sheets of gold are 
translucent. They transmit green light.’ 

Many metals can be drawn into fine 
wires, For instance, platinum wires have 
been made that are lessetuan one thirty- 
thousandth of an inch in diameter. 

Metals are good conductors of heat and 
when compared with 
is the best conductor 
?Page 182. 


electricity, especially 
non-metals. Silver 
1Page 177, col. 2. 


known. Copper, aluminum, brass, and iron 
follow in that order. 

Most metals are found only in the earth’s 
crust, It is believed likely, however, that 
the inner-most part of the earth’s core is 
composed chiefly of iron and nickel. Gold, 
silver, copper, and platinum are about the 
only metals that ever exist free, that is, 
uncombined with any other elements. But 
silver, copper, and platinum are also ob- 
tained from compounds that make up cer- 
tain ores, as are all other metals except gold. 

Few non-metals are found free in the 
earth. Important exceptions are sulfur and 
carbon. Almost pure sulfur is obtained from 
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vast underground deposits in Texas and 
Louisiana. Almost pure carbon in the form 
of coal is widely distributed in the earth’s 
crust. Most of the other non-metals, how- 
ever, are combined in various compounds 


that together compose most of the earth’s 
crust. Oxygen, nitrogen, and other gaseous 
non-metals are free in the air. Oxygen and 
nitrogen are also combined with other ele- 
ments to form many minerals. 


2. How and Why Does the Earth’s Surface Change? 


ENDLESS TIME - There is a strange old 
fable that is intended to give an idea of time. 
According to this fable, there is, somewhere 
in the ocean, a rock that is a mile long, a 
mile wide, and a mile high. Once a year a 
bird flies to the top of this rock and sharpens 
its beak on it. Thus the bird wears away the 
rock to an infinitesimal! extent. If the bird 
continues to do this for enough years, it will 
finally wear the rock completely down to the 
surface of the ocean. The countless years 
that will be required to accomplish this task 
may be considered as just one second in all 
time. 

'This fable is, of course, fantastic. But it 
serves a purpose. It helps us to understand 
that when changes on the earth are con- 


Page 245, ftnt. 2. 


sidered, time cannot be measured in years, 
life-times, centuries, or even thousands of 
years. It cannot, in fact, be accurately 
measured. It must be estimated in ages of 
millions of years. 


THE CHANGING EARTH . ""The earth 
is changing constantly. The changes are 
caused chiefly by the shifting of rock and 
the shifting of soil. The shifting in both 
cases is due to gravity.? 

The shifting of rock will now be discussed. 
The shifting of soil will be discussed under 
weathering and erosion, in the next section. 


FLOWING ROCK - Within the earth. As 
has been stated, most rocks within the earth 
are solid, even though their temperatures 

*Page 209, ftnt. 1. 
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Results of the shifting of magma in the earth's crust. The hill at the left was formed 
by the upward pressure of magma. How does that hill differ from a volcanic cone? 


An airplane view of the crater 
of Vesuvius,' taken just after 
an eruption. The dark streaks 
down the sides are flowing 
lava. In what respects does 
this volcanic cone appear to 
differ from that of Paricutin”? 

1Vesuvius (vē sü'vY tis): a famous 


volcano near Naples, Italy. 
?Page 4, il. 


are higher than their melting points. They 
are kept solid by the pressure resulting from 
the weight of many miles of rock above 
them. But under such great pressure, even 
solid rocks cease to be completely rigid. 
They become plastic! and are moved about, 
more or less. This pressure is constantly 
changing as the earth's surface and crust 
change. If the pressure anywhere within 
the earth becomes sufficiently reduced, rock 
masses there may melt. Melted rock within 
the earth is called magma? (illustration, p. 
254). Ages ago the entire Coast Range of 
the Pacific Northwest was a single mass of 
magma below the earth’s surface. 

PMagma flows from spots where the pres- 
sure is greater toward spots where the pres- 
In this respect it behaves like 
The magma is 
between layers 


sure is less. 
water or any other liquid. 
often forced into cracks or 


‘Plastic (plás/tk): capable of being molded, like 
dough or chewing gum. 
? Magma (mág'má). 
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of solid rock. Sometimes it pushes the 
earth's surface up into mounds or ridges. 

Upon the earth. Sometimes magma is 
forced out as lava through cracks in the 
earth's surface and spreads over the sur- 
rounding territory. The Columbia Plateau 
of Washington, Oregon, and southern Idaho 
was built up by such floods of lava. Some- 
times, again, the lava escapes through a 
chimney-like opening in the earth’s crust. 
One type of volcano is thus formed. 


VOLCANOES - The story of Parícutin? 
makes clear that a volcano is not always a 
mountain, as most people think. It does, 
however, usually become one. But at the 
start it is merely a crack or irregular, tube- 
like opening leading down into the earth's 
crust. This opening serves as a pipe or 
chimney through which lava, cinders, and 
dust, together with steam and other gases, 
escape. The volcanic cone is formed as the 


3Page 3. 
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cinders and lava pile up around the crater 
(illustration, p. 255). The new island men- 
tioned earlier! was the top of either a new 
volcanic cone or of an older one that was 
being built higher by new eruptions after 
an inactive period. 

From some volcanoes the lava flows out 
quietly. The great Hawaiian volcano, 
Mauna Loa,? is of this type. From other 
volcanoes the volcanic materials are thrown 
out with more or less explosive violence. 
Parícutin in Mexico and Lassen Peak (now 
inactive) in California are of this type. 
Krakatoa,’ on an island near Java, is an- 
other. In 1883 this volcano practically 
“blew itself up," and at the same time 
destroyed much of the island, with a single 
explosion. The noise of this explosion is 
believed to have been the loudest ever 
heard by civilized man. Krakatoa has re- 


1Page 250 and page 251, col. 1. 
?Mauna (mou'nà) Loa (15/4). 
‘Krakatoa (krak à to'à). 


The effects of an earthquake 
upon a modern store in Japan. 
Topic for Individual Study: 
Famous earthquakes. (Consult 

an encyclopedia) 


International 


cently erupted* again, but not with great 
violence. 


EARTHQUAKES - Volcanoes suggest earth- 
quakes because explosive volcanic eruptions 
do cause earthquakes. Earthquakes pre- 
ceded and accompanied the eruption of 
Parícutin. Moreover, a mighty earthquake 
accompanied the great eruption of Krak- 
atoa. Most earthquakes, however, are not 
caused by volcanic eruptions. In fact, they 
commonly occur in areas where there are 
no active volcanoes. Examples are the 
occasional light earthquakes that occur now 
and then in widely separated parts of the 
Middle West and the tremendous Missouri 
earthquakes of 1811. One of the latter 
quakes changed the course of the Mississippi 
River for many miles. 

Most earthquakes are caused in this way: 
The enormous and constantly changing 
pressures inside the earth produce great 


‘Pages 3 and 4, il. 
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strains in rock masses. Sometimes such 
strains are great enough to cause solid rock 
masses to fault, that is, to crack and shift. 
The part on each side of the crack slips up- 
ward, downward, or at an angle, in such a 
way as to relieve the strain. Earthquakes 
caused by faulting are often destructive 
over wide areas (illustration, p. 256). 

During earthquakes the rocks vibrate. 
The vibrations produce waves that travel 
through the earth’s crust. These waves are 
recorded all over the world by instruments 
called seismographs.? Each seismograph 
makes a permanent record of the time, 
and violence of the earthquake 
waves. An earthquake can usually be 
located by comparing the records of it made 
by seismographs in different parts of the 
world. 


nature, 


FORMATION AND SEPARATION OF MIN- 
ERALS - When rock masses melt, they often 
change not only in state, from solid to liquid, 
but also in composition. Sometimes only 
physical changes? take place, which result 
in the separation of minerals. At other times 
there are chemical changes; which result 
in the formation of new minerals. 

As melted rock cools, the different min- 
erals that are mixed together in it reach 
their freezing points one by one. Hence 
they become solid and separate out at differ- 
ent times and at different temperatures. 
Thus melted rock that slowly cooled and 
“froze” within the earth's crust ages ago 
often left concentrated deposits of mineral 

1Page 199, ftnt. 1. 1Seismograph (siz/mo graf). 

3A physical change is one in which the size, shape, 
or state of a body is changed, but not its chemical 
composition, i 
4A chemical change is one in which a substance 1$ 
changed into one or more other substances, which 
have entirely different properties from those of the 


original substance. 
‘Page 94, legend. 
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elements and compounds. Some of these 
deposits are rich ores. Those now near 
enough to the surface for mining are the 
ores from which gold, iron, silver, and all 
other metals are obtained. 


SINKING AND RISING LAND AREAS - PVol- 
canoes often form mountain cones, but 
never mountain ranges. Mountain ranges 
are elevated during ages of time by the 
wrinkling of the earth’s crust. Such wrin- 


Go ee LE E T 


By studying the rock structures, geologists are 
convinced that this was the shape of North Amer- 
ica perhaps a hundred million years ago. Why 
do you think the boundary lines between Can- 

ada and the United States and between the 
United States and Mexico are drawn on 
this map?! 


1Adapted from a map in W. J. Miller, An Introduc- 
tion to Historical Geology, published by D. Van Nostrand 
Company, Inc. 


kling is brought about by the shifting of ma- 
terials within the earth and on its surface.! 
The shifting is always caused, directly or 
indirectly, by gravity.” 

Gravity causes not only the shifting of 
magma and lava, as already described, but 
also the sinking of denser minerals. The 
great pressures within the earth, due to 
gravity, tend to force the denser materials 
toward the earth’s center. At the same 
time they tend to crowd the less dense rocks 
toward the surface. 

Gravity brings about also the constant 
shifting of soil all over the earth. This 
shifting will be explained in the following 
section. 


Results of the sinking and rising. *The 
shifting of materials upon and within the 
solid earth would throw the earth out of 
balance if gravity did not maintain the 
balance. But it does. The force of gravity 
causes the earth’s crust to warp, fold, and 
wrinkle. Less dense materials are raised and 
denser materials lowered. Consequently the 
oceans are becoming deeper in some parts 
and shallower in others. The outlines of 
continents are always changing as their 
shores at different points are raised or 
lowered. Nearly all such changes, however, 
are too slow to be noted except with scien- 
tific instruments. But from age to age they 
are great (illustration, p. 257). 


3. How Do Weathering and Erosion Change the Earth’s Surface? 


ETERNAL HILLS? - Some years ago like- 
nesses of the faces of four Presidents of the 
United States were carved in gigantic? pro- 
portions on the granite cliffs of Mt. Rush- 
more in South Dakota (illustration, p. 259). 
The purpose in carving them was to make 
a lasting memorial to American “democratic 
and national development." But how long 
will this memorial last? How long will the 
"great stone faces" remain distinct? Cen- 
turies? Yes, without any doubt. Thousands 
of years? Yes, probably hundreds of thou- 
sands of years. Forever? No. It is certain 
that they will not. For no sooner had any 
part of the great carving been finished than 
it began at once to be destroyed by wind, 
air, and water. This destruction is taking 
place so slowly, however, that it may not be 
noticcable for many thousand years. But 


"This process is known as diastrophism (di is'tro- 
fizm). 


*Page 209, ftnt. 1. 
‘Gigantic (ji gán'tfk): enormous, huge, giant-like, 


it is certain that in enough time, not only 
the faces, but even Mt. Rushmore itself, will 
be completely worn down and carried away. 


EARLY CHANGES OF THE EARTH'S 
SURFACE : Changes in the earth’s surface 
such as those just indicated were not possible 
until the earth had an atmosphere. Scien- 
tists believe that "when the earth was very 
young," it probably had none. But the 
earth continued to grow by capturing me- 
teorites.! As it grew larger, its gravity in- 
creased. Finally its attraction became 
strong enough to hold an atmosphere. Part 
of this atmosphere consisted of molecules of 
gases that it captured, just as it captured 
meteors. Part of it came from the meteors 
themselves. The rest consisted of gases that 
escaped from volcanoes or that escaped 
otherwise from the earth’s interior. Such 
gases are still being added to the earth’s 
atmosphere. Probably you have seen bub- 


‘Page 7, col. 1, and pages 217-218. 
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Mt. Rushmore National Memorial in South Dakota. What major branches 
of science mentioned in the introduction, “Getting Acquainted with General 
Science,” do you think were involved in making these “Great Stone Faces"? 


bles of gas escaping from mineral springs, 
or clouds of condensed steam! rising from 
hot springs. 

Scientists believe that, before the earth 
had an atmosphere, its surface was nothing 
butrock. Nowhere was there any water, any 
soil, or any life. But after the atmosphere 
contained enough water vapor to make pre- 
cipitation? possible, there were rains. The 
rain water, flowing to lower levels, made the 
first streams. This water collected in shallow 
pools. After ages of time some of the pools 
became the oceans. 


LATER CHANGES IN THE EARTH'S 
SURFACE - After the earth had acquired an 
atmosphere, surface rocks began to change 


1Page 49. ?Page 138. 


National Park Service 


to soil. Finally, ages later, living things ap- 
peared. 

'The first soil on the earth was composed 
entirely of inorganic? matter. But, later, 
plants and animals added to the soil organic 
matter in the form of humus. Humus is any 
part or product of a plant or an animal, that 
is decaying in the soil. Thus bones, feathers, 
leaves, bark, and manure are all humus. 
Our present soil is therefore a combination 
of inorganic and organic matter. 


WEATHERING AND EROSION : *Weather- 
ing is the process by which rocks are broken 
up where they are, and changed into soil. 


3Use the Glossary for reviewing the meanings of 
scientific terms defined earlier. 
4Humus (hü'müs). 
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David W. Corson, from A. Devaney 
This pine tree in Yosemite! National Park, Cali- 


fornia, has split a great rock. What evidence 
do you see here that this tree has had a hard 
struggle for its existence? 


1Yosemite (yo sém't te). 


Erosion’ is the process by which flowing 
water, winds, and other agents wear away 
or scour off and carry away rocks and soil. 
Weathering will here be discussed first, al- 
though both processes are constantly chang- 
ing the earth's surface everywhere. 

Weathering and its important agents. 
Weathering includes both physical and 
chemical changes.? The breaking up of rock 
is a physical change because the composi- 
tion of the rock remains the same. Chang- 
ing rock into soil is a chemical change be- 
cause the composition of the rock is changed. 
New compounds are formed. 


1* Erosion (& ro'zhün). 
*Page 257, ftnts. 3, 4. 


*There are two agents? of weathering that 
together bring about most of the breaking 
up of rocks. These agents are water as it 
freezes, and the growing roots of plants. 
Three agents of weathering bring about most 
of the changing of rock to soil. These are 
oxygen and carbon dioxide in the air, and 
acids in the soil. 

Water as it freezes. Water expands con- 
siderably as it freezes. If you live in a 
severe climate, you have probably seen evi- 
dence of this fact in the form of cracked or 
broken concrete or stucco after a cold win- 
ter. You can find similar evidence in the 
rocks in regions where the temperatures fall 
below freezing. Water seeps into cracks and 
crevices in rocks. If then it freezes, it ex- 
pands with enough force to crack and some- 
times to split great rocks.* 

The growing rools of plants. It may seem 
hard to believe that anything as soft as plant 
roots could damage rocks. But they can and 
do. Tiny roots grow down into cracks. As 
they get bigger, they press harder and harder 
against the walls of the cracks. Sometimes 
growing tree roots and trunks split great 
rocks (illustration on this page). Perhaps 
you have seen tile drain-pipes that have 
been broken in this same way by growing 
tree roots. 

The action of oxygen, carbon dioxide, and acids. 
Chemical changes are constantly taking 
place on the surfaces of exposed rocks and 
of those near the top of the ground. Oxygen 
combines with certain rocks. Carbon diox- 
ide, gases from volcanoes, and other sub- 
stances form acids by dissolving in rainfall 
and ground water. Acids are similarly 
formed by substances given off by living 
things and from products resulting from 

* Agent, in this sense, means anything, living or non- 


living, that brings about certain effects, or results. 
‘Page 270, experiment. 
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decaying humus. These acids act chemically 
on some rock materials. New compounds 
are formed by all these chemical processes. 
These compounds crumble off as bits of soil. 

Erosion and Its Important Agents. Flow- 
ing water and moving air, or winds, have 
already been mentioned as agents of erosion. 
Other agents are raindrops, glaciers, ocean 
waves and tides and currents, gravity, and 
ground water. 

Flowing water. Almost anywhere you g0, 
you can see evidences of erosion by running 
water. New lawns and highway cuts are 
furrowed by the run-off of rainfall. Streams 
are muddy after rains. You can doubtless 
think of many other evidences of such ero- 
sion. 

It is easy to understand how running 
water can dig up soil and carry it off. It is 
not so easy to comprehend how even swift 
currents can wear down hard rock. Yet 
there is no rock so hard that flowing water 
will not wear it away in time. The eroded 
soil and rock particles that a stream carries 
increase both the amount and the rate of 
erosion. As they scrape along the stream 
bottom and sides, they serve as “cutting 
tools.” 

Raindrops. It is difficult to imagine rain- 
drops themselves as being agents of erosion. 
But to some extent they are. Of much 
greater importance, however, than their 
erosive action is the direct and indirect 
damage that they do to crop-lands. 

When raindrops strike bare soil, they 
loosen it slightly. Their splashings carry soil 
particles short, but measurable, distances. 
Furthermore, their impacts" separate fertile 
particles from sand grains, thus making the 
removal of the fertile particles by running 
water more certain (illustration, P- 268). 

On slopes the splashing of raindrops 

1Page 36, ftnt. 2. 


2 eae 
Josef Muench 
Head Rock, or The Football Player, in Monu- 
ment Valley on the border of Utah and Ari- 
zona. It has been carved by both wind erosion 
and water erosion. *Gravity is indirectly the 
major cause of erosion. Explain 


moves soil bit by bit down-hill. Thus in time 
it effects considerable erosion. On level 
ground, however, it does more serious dam- 
age. There it makes mud, which fills cracks 
and pores in the soil. In this way it reduces 
the quantities of water that can sink into 
the ground and, at the same time, increases 
the quantity and speed of run-off. Thus it 
brings about more erosion. Later the mud 
that was churned up by the raindrops dries 
in a compact crust. This shuts out air from 
the soil and prevents some crops from *com- 
ing up." 

The combined effects of raindrop erosion 
are more serious than might seem possible. 
It is estimated that the damage that it does 
annually to crop-lands in the United States 
totals more than two billion dollars.’ 


2The process of soil destruction by raindrops is 
known as elutriation (& là tr a'shün). 
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Wind. Wherever the soil is bare, winds 
blow away more or less of it. But winds 
wear away rocks too (illustration, p. 261). 
Such erosion, however, is not effected! by 
moving air alone, but chiefly by sand and 
dust that are in the air. When these hard 
particles are blown against rocks by winds, 
they wear away the hardest surfaces. Thus 
the winds act somewhat like sand-blasts. A 
sand-blast is a jet of compressed air carrying 
sand. It is widely used in polishing metal 
castings and stone surfaces. The swiftly 
moving sand quickly erodes away whatever 
it strikes. Of course a sand-blast can accom- 
plish by artificial erosion in a few seconds 

‘Effect (ë fëkt'): to bring about (a result). 


Bradford Washburn 
Glaciers flow down mountain valleys at a rate of only a few inches per day. The 


moving ice scours off bits of rock from the bottoms and sides of the valleys down 
which it plows its way. These bits of rock serve as “cutting tools.” Explain 
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more than winds could accomplish in many 
years. 

The illustration above and its legend in- 
troduce another agent of erosion. 

Ocean waves, tides, and currents. “Old-tim- 
ers” in Oregon remember when “Jump-oft 
Joe” was a famous land-mark on the Oregon 
coast. It was a rocky ridge extending out 
into the ocean near Newport. One morning 
about half a century ago, newspaper head- 
lines announced the astonishing news that a 
terrible ocean storm had battered an arch 
through Jump-off Joe (illustration, p: 262): 

This arch, however, was not broken 
through Jump-off Joe wholly by that storm. 
For centuries the waves, tides, and currents 
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had been continuously eroding the great 
rock. Finally its structure had become 
weakened enough so that waves, made gi- 
gantic by the storm, could smash through it. 

That arch clearly indicated the approach- 
ing destruction of Jump-off Joe. The waves, 
tides, and currents continued to scour away 
the rock, to break it up, and to sweep it 
away, bit by bit. Some years ago the arch 
fell in. Now a mere stump of rock standing 
above the water only at high tide is all that 
remains of Jump-off Joe. In a few more 
years even that will be gone. 

The destruction of Jump-off Joe illus- 
trates how the ocean is constantly cutting 
back shore lines all over the world. Thus, 
like the rivers and, to a lesser extent, like 
the other agents of erosion, it is constantly 
transporting the land into the sea. 

Ground water. Have you ever drunk water 
from mineral springs? The minerals in such 
mineral waters are eroded materials. As 
water seeps through rocks, it dissolves min- 
erals out of them. Wherever the under- 
ground water becomes heated, as it does in 
Hot Springs National Park and many other 
places, it dissolves greater quantities of min- 
erals. Hence it brings about greater erosion. 
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Jump-off Joe when the hole 
was first battered through the 
rock. Which agents of erosion 
have had an important part in 

the destruction of Jump-off 

Joe? What part did gravity 

play? 


Many minerals are acted upon chemi- 
cally, to at least a slight extent, by the acids 
in ground water and are partly dissolved 
in the process. Limestone is readily dissolved 
in this way. The Mammoth Cave of Ken- 
tucky, the Carlsbad Caverns in New Mexico, 
and the Natural Bridge of Virginia are 
famous "natural wonders" that have re- 
sulted from the slow dissolving of limestone 
by acid in water (illustration, p. 28). 


WEATHERING AND EROSION WORK 
TOGETHER - *In general, about as fast as 
rock is changed to soil by various agents of 
weathering, this soil is carried away by vari- 
ous agents of erosion. Thus erosion keeps 
rock surfaces exposed to the weathering 
agents. Hence more soil is formed. If ero- 
sion should cease, weathering would, in time, 
also cease because the weathering agents 
no longer be able to “get at" the 
If weathering should cease, erosion 
but at a much slower rate 


would 
rocks. 
would continue, 
than now. 


EROSION AND DEPOSITION - *PMaterial 
that is eroded anywhere must be deposited 
somewhere else. To illustrate, as glaciers 


Oregon State Archives, Bush Family Records 


melt, they deposit their loads of eroded rock. 
All over Canada and many of the Northern 
states are such deposits. These were left as 
the Great Ice Sheet, which covered all that 
territory about eleven thousand years ago, 
slowly melted away. "Whenever the current 
of a stream is slowed, the stream drops part 
of its load of eroded materials. ‘Thus flood 
waters often cover farms and highways with 
thick deposits of eroded gravel and soil. 
Thus, too, the artificial lakes behind most 
of the great irrigation and power dams are 
rapidly being filled with eroded materials. 
Also, harbors at river mouths must con- 
stantly be dredged to remove similar de- 
posits. 


There is deposition! of dissolved minerals, 
as well as deposition of soil and gravel. 
PWhenever ground water carrying minerals 
evaporates, its load of minerals is left on 
the surfaces where the evaporation takes 
place. The beautiful deposits in limestone 
caves were formed in this way. Often, also, 
when hot water containing dissolved miner- 
als cools, some of the minerals separate out as 
crystals. No doubt you have seen sugar that 
was similarly deposited in the bottom of 
a coffee cup as the sweetened coffee cooled. 

*Erosion and deposition follow each other 


‘Deposition (dép 6 zísh'ün): the process by which 
agents of erosion let fall or otherwise leave sediment 
or other eroded materials. 


Balancing movements result in the wrinkling and folding of rock formations. 
What evidence of such movements do you see here? 


United States Geological Survey 


in an endless cycle. The same eroded ma- 
terials are deposited and eroded again and 
again. Finally they are deposited in the 


oceans. 


BALANCED EFFECTS - It is estimated that 
the Mississippi River carries into the Gulf 
of Mexico every day, on the average, enough 
eroded soil to fill a freight train many miles 
long. From this fact one might conclude 
that erosion is rapidly destroying this con- 
tinent. Such, however, is not the case. All 
the agents of erosion together are estimated 
to be lowering the surface of the continent on 
the average of about one inch in five hun- 
dred years. But even at this slow rate, all 
the land would in time be under the sea if 
nothing prevented. Something, however, 


does prevent. Lava flowing from cracks in 
the earth’s surface and from volcanoes builds 
up land areas in some localities. Also, the 
slow “balancing” movements‘ of the earth 
raise many areas faster than they are being 
lowered by erosion (illustration, p. 264). As 
a result, the proportions of land and ocean 
areas remain about the same from age to age. 


SERIOUS EROSION - Contrary to a rather 
common belief, erosion is not destroying our 
continent. In many localities new soil is 
being made as fast as the old soil is being 
eroded away. In some sections, however, 
erosion is destroying our agricultural soil at 
a frightening rate. Such destruction will be 
discussed later in connection with conser- 
vation. 


4. What Are the Three Classes of Rocks, and How Were 
They Formed? 


ROCKS, OLD AND YOUNG - "The world is 
very old. Rock formations provide abun- 
dant evidence that supports this principle. 
None of the oldest rocks now known are 
original rocks of the earth’s surface. The 
oldest surface rocks today are millions of 
years younger than the original surface 
rocks. Our present-day surface rocks were 
formed from eroded materials that were de- 
posited in ancient oceans. It is not certain 
that even these materials were eroded from 
the original rocks. It is certain, however, 
that rocks are being formed today just as 
they have been for ages. 


. There. are three 
igneous,’ sedimen- 


CLASSES OF ROCK 
classes of rocks, namely, 
tary,? and metamorphic? rocks. 


Uaneous (ig'né ts). Sedimentary (séd Y mén’ta rl). 
* Metamorphic (met à mór'fik). 


Igneous rocks. Igneous rocks are Are 
rocks.” They were all formerly either 
magma or lava. Many igneous rocks formed 
crystals as they cooled. Granite is an ex- 
ample of such an igneous rock. 

Sedimentary rocks. "As streams carry 
their loads of soil and rock into still water, 
these materials became sorted to a smaller 
or a greater extent. The larger and denser 
particles sink to the bottom first. They are 
covered by less dense, smaller particles. 
Finally the lightest and smallest particles 
settle on the top. Thus the eroded materials 
are deposited in strata,* or layers. After 
ages of time, under favorable conditions, 
these strata become cemented together into 
solid rock. The cement is silica’ or other 


4Pages 257, col. 2, and 258, col. 1. 
5Strata (stra’ta); singular, stratum (stra’ttim). 
Pages 252, col. 2, and 253, il. 
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materials that earlier were dissolved out of 
other rocks by the processes of weathering 
and erosion. 

Common sedimentary rocks that have 
been formed in the way just described in- 
clude sand-stones, conglomerate,! and shales. 
Sandstone is a common building stone. 
Conglomerate, or “pudding stone,” is similar 
to concrete. It consists of pebbles of various 
kinds and sizes cemented together. Shales 
are composed of particles of volcanic ash or 
of clay, also cemented together. 

Some sedimentary rocks were formed ages 
ago by the evaporation of great quantities 
of ocean water. Such rocks include rock salt 
and limestone. 

Limestone has important uses as a build- 


1Conglomerate (kön glóm'ér ït). 


ing stone. It has some important chemical 
uses as well. For example, it is essential in 
smelting iron ore. Also, it is used with coal, 
air, and water to make nylon. 

The balancing movements of the solid 
earth? often wrinkle and fold the strata 
enough so that they are elevated above the 
water (illustration below). Consequently 
strata of eroded materials that once were 
the bottoms of oceans may now be the tops 
of mountains. 

Fossils. Fossils? are remains or traces of 
plants and animals that lived many thou- 
sands or millions of years ago. These are of 
many kinds. Probably, however, the kinds 
that you are most likely to have seen outside 
museums are shells in rock and petrified 


?Pages 257 and 258. 3Fossil (fOs'1l). 
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Can you explain now how there can be ancient corals near the Great Lakes? 


From The Lamp, Standard O1] Company (New Jersey) 


wood. Most of what appear to be shells 
found in sedimentary rocks are not really 
shells. They are mineral copies of the 
original shells. They were formed in this 
way: When, ages ago, clams, oysters, and 
other water animals died, their soft parts 
soon decayed. But their shells did not. 
They became mixed with the gravel, clay, 
or sand as these materials were being de- 
posited in lakes and oceans. Gradually but 
slowly the shells were dissolved away and 
were replaced by silica or other mineral 
matter dissolved in the water. Later the 
sedimentary layers containing the shells were 
changed to rocks (illustration, p. 269). 
Petrified wood is not wood changed to 
rock, as it appears to be. It was formed un- 
der water in much the same way as were 
the fossil shells. As the wood decayed, silica 
that was dissolved in the water took its place. 
By studying fossils, scientists have been 


able to piece together much of the history of 
living things on the earth. This history, 
however, is still far from complete. Can 
you now explain how the impression of a 
fern leaf might be found on the side of a 
lump of coal or of a piece of sedimentary 
rock? 

Metamorphic rocks. When certain ig- 
neous and sedimentary rocks are subjected 
within the earth to moisture and to great 
heat or pressure, or both, they are changed 
into metamorphic rocks. These rocks are 
made more compact and hard than the 
original rocks. Also, sometimes the sub- 
stances that compose them are recombined 
chemically. In such cases rocks entirely 
different from the original ones’ are found. 
Familiar examples of metamorphic rocks 
are the building stones marble and slate. 
Marble was formed from limestone; slate, 
from shale. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 250-254. 1. Name the 
regions that compose the solid earth. 

2. The temperature within the earth 
increases as the distance below the surface 
decreases. 

3. The outer part of the solid earth is 
the crust. 

4. The most important part of the earth’s 
crust is a thin layer of --?--; which makes 
possible all life. 

5. Of the following substances, only (1) 
gasoline; (2) silver ore; (3) oxygen; (4) ni- 
trogen; (5) glass is a mineral. 

6. In No. 5 the only rock is eren 

7.Name the four most abundant ele- 
ments in the earth's crust, in the order from 
most to least abundant. 


8. State four differences between metals 
and non-metals. 

9. Two abundant non-metals in the air 
that are combined with other elements to 
form many minerals are --?- - andes 

Pages 254-258. 10. Gravity produces 
changes in the carth by causing shifts of 
uM nde Per 


decreased. 

12. The first stage of a volcano is a small 
cone. 

13. Most earthquakes are caused, not by 
volcanoes, but by faulting. 

14. Many minerals that are mixed to- 
gether in magma become separated when 
the magma melts. 
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A raindrop striking bare ground. What 
evidence of erosion do you see here? 


15. There are constant balancing move- 
ments of the earth's crust, which raise areas 
in some localities and lower them in others. 

Pages 258-265. 16. Relatively little ero- 
sion was possible before the earth had an 
atmosphere. 

17. Until the earth had an atmosphere, 
there could be no living things; and until 
there were living things, there could be no 
inorganic materials in the soil. 

18. Three agents that bring about physi- 
cal changes as part of weathering are __?__, 
and st 1. 


19. Name the agents of weathering that 


cause the chemical changes that change 
rocks to soil. 

20. Name the agents of erosion. 

21. Rapid weathering results in /ess rapid 
erosion, and vice versa. 

22. Some eroded materials must be de- 
posited somewhere, and finally some of 
them are deposited in the oceans. 

23. The balancing movements of the 
earth overcome the effects of weathering. 

24. Indirectly the major cause of erosion 


Pages 265-267. 25. Name the three 
classes of rocks and give one example of each. 


SCIENTIFIC PRINCIPLES - 1. "In general, 
the greater the distance below the earth's 
surface, the higher is the temperature. 


2.’The earth is changing constantly 
both on the surface and within its crust. 

3. "The world is very old. 

4. PWeathering and erosion operate to- 
gether toward lowering all land areas to sea 
level. 

5."Balancing movements of the earth's 
crust counter-balance the effects of erosion 
to the extent that the proportions of land 
and sea areas remain about the same from 
age to age. 


SCIENTIFIC TERMS 


*erosion imetamorphic {sedimentary 
Tfossil *mineral *soil 

*glacier ore {stratum 
Tigneous *organic *volcano 
linorganic — *rock *weathering 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK . 1. 
There have been many hypotheses and 
theories proposed as possible explanations 
of how the earth and other members of the 


solar system were formed. As soon, however, 
as any of these trial explanations has been 
found to be impossible in the light of newly 
discovered facts, it has been discarded, or 
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Make up a theory! which you 
think might account for this 
fossil fish 


Page 44. 


E Mir 


Ee d y Aen eme 
American Museum of Natural History 
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rejected. "Thereafter it has been known as 
an “exploded hypothesis" or an “exploded 
theory.” Scientists have then proposed 
new hypotheses or theories that are in har- 
mony with all the known facts. Which of 
the scientific attitudes are illustrated in the 
preceding statements? 

2, An eminent scientist was asked to 
state in simpler words, “Today’s accepted 
truth may be tomorrow’s exploded theory.” 
His answer was “That’s just another way of 
saying, ‘Science marches on." Was he 
right? Explain. 

3. Why is the story about the bird that 
sharpened its beak on the rock! a fable and 
not a theory? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. Under ordinary conditions sud- 
den changes of temperature do not cause 
rocks to crack and break. If, however, they 
should be heated by a forest fire and then 
immediately cooled by a rain, they would 
crack more or less. Explain. 

2. Pure iron is found in meteorites, but 
not in the earth's crust. Explain. 

3. What are some of the conditions that 
may cause a volcano to become inactive? 


4. Can you explain how gravity and 


1Page 254. 


animals, especially man, can be classed as 
mechanical agents of weathering? 

5. Scientists believe that there were 
igneous rocks ages before there were sedi- 
mentary rocks. What reasons can you 
think of to support this belief? 


6. Fossils are frequently found in sedi- 
mentary rock, but rarely in metamorphic 
rock and never in igneous rock. Explain. 


7. Why are piles of broken rock found 
frequently at the bottoms of cliffs? 

8. How can you distinguish between an 
“told? mountain range and one that has 
been lifted up more recently? 


9. Why are roads likely to “heave” and 
break when the soil begins to thaw in the 
spring? 

10. The Football Player (illustration, 
p. 261) is red sand-stone. What does this 
statement tell you about how this rock was 
formed? 


TOPICS FOR INDIVIDUAL STUDY : 1. 
There have been many hypotheses as to the 
formation of the earth and the solar system. 
Among them are the nebular hypothesis 
of Laplace, the planetesimal hypothesis of 
Chamberlin and Moulton, the tidal hy- 
pothesis of Jeans and Jeffreys, the double- 
star hypothesis of Lyttelton, and the dust- 
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B is a topographical! map of the eroded hill A. 
The curving lines are contour? lines. All points 
on a contour line are at exactly the same height 
above sea level. This hill is 515 feet high. 
Explain. Where are the greatest amounts 
of erosion and of deposition indicated? 


YTopographical (tp o gráf't kál): representing the 
physical features of an area, such as hills, rivers, and 
lakes. *Contour (kÓn'toor). 


cloud hypothesis of Whipple. Consult an 
encyclopedia or a textbook of geology or 
astronomy under the topic “Solar System” 
and outline a report upon one or more of 
these hypotheses. 


2. Silver, gold, and platinum are called 
the “noble metals” because of their uses for 
jewelry. Yet iron is the most valuable of all 
metals. Consult a textbook of chemistry 


to find how and where iron is chiefly 
mined and smelted. 

3. Soil is frequently classified as residual 
or transported. Look up the definitions of 
these words in a big dictionary and see 
whether you can explain how they apply to 
soil. 

4. Most of the geysers in North America 
are in Yellowstone National Park. A few 
are near Calistoga, California. In a text- 
book of geology or an encyclopedia find 
what geysers are and why they erupt hot 
water. 


EXPERIMENT - Does confined water, when 
it freezes, expand with enough force to break 
the vessel that contains it? Fill to the top with 
cold water a bottle that is equipped with a 
metal screw cap. Screw the cap on tightly. 
Put the bottle into a pail and pack around 
it a freezing mixture of crushed ice and salt." 
After a half-hour, which should be long 
enough to allow the water to freeze, care- 
fully examine the bottle. What do you 
observe? Answer the question at the begin- 
ning of this experiment. 

How does this experiment suggest how 
rocks are weathered by freezing water? 


COMMUNITY APPLICATIONS OF SCI- 
ENCE - Learning about the rocks in your 
community. Collect specimens of as many 
kinds of rock as you can find in your local- 
ity. With a textbook of elementary mineral- 
ogy, identify as many as you can and also 
classify them as sedimentary, igneous, or 
metamorphic rocks. If possible, find what 
minerals each is composed of. 


SCIENCE IN THE NEWS - Collect from 
newspapers and news magazines articles 
that deal with earthquakes, volcanic erup- 
tions, or other causes of great changes on the 
earth's surface. Post the most interesting 
ones on the bulletin board in your science 
classroom. 


'Page 97, col. 1. 
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WEALTH FROM THE EARTH 


1. What Important Substances Are Obtained from the Sea 
and the Air? 


MINERALS IN THE SEA : Some years ago among these are salt, bromine,? iodine,? and 


the newspapers announced that somebody 
had invented a way of getting gold from 
ocean water. This announcement caused 
more excitement than was justified. Of 
course there are traces of gold in ocean 
water. Streams and soil water dissolve a 
little gold out of soil and rock, just as water 
dissolves to some extent every substance 
with which it comes into contact,! or touch. 
This gold in time is carried into the oceans. 

All the gold in all the oceans totals a huge 
amount. In fact, it is estimated to be enough 
to make every inhabitant of Canada and the 
United States many times a millionaire if it 
could be obtained and distributed equally. 
But no process has yet been invented for 
getting it in paying quantities. The cost of 
obtaining it would be greater than the value 
of the gold obtained. 

The first oceans contained no minerals. 
They were shallow bodies of fresh water. 
But through ages of time the streams have 
constantly been adding minute quantities of 
dissolved minerals to the sea. Probably 
ocean water now contains every mineral that 
isin the earth’s crust. Moreover, it probably 
contains, altogether, more of each mineral 
than could ever be used if the mineral could 
be profitably extracted. But, thus far, only 
a few minerals can be. Important ones 


1Contact (kön’täkt) ' 


magnesium (illustration, p. 272). 


ELEMENTS AND COMPOUNDS FROM 
THE SEA - Salt. Most of the salt* we use is 
mined or otherwise secured from deposits 
underground. But much salt is recovered, 
also, from sea water. On the California 
coast and elsewhere, ocean water at high 
tide is allowed to flow into shallow ponds. 
There the water evaporates from the sun's 
heat, leaving the salt. It is collected and 
purified. 

Salt is one of the most important minerals. 
An average person’s body always contains 
about 10 ounces of salt. Furthermore, chem- 
ical substances that can be made only from 
salt are essential in the manufacture of soap, 
glass, bleaching powder, and many other 
commercial products. 

Bromine. Dissolved bromine compounds 
are abundant in all sea water. These com- 
pounds are secured from ocean water in 
North Carolina and other localities. Salt 
waters in the Ohio River valley and in 
Michigan are also important sources of 
bromine compounds. Bromine compounds 
have important uses in photography. Also, 
they are used in the manufacture of anti- 

?Bromine (bro’mén). 3Iodine (1'5 din). 

‘The salt meant here is table salt (sodium chloride, 


or NaCl). When you study chemistry, you will study 
many salts. 
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knock gasoline, certain medicines and drugs, 
and some dyes. 

Iodine. Many varieties of ocean plants 
require iodine in their life processes. For- 
merly these plants were burned to secure 
their ashes, which were the chief source of 
commercial iodine. Now, however, iodine 
is obtained chiefly from iodine compounds. 
These are mined, along with nitrogen com- 
pounds, from the nitrate deposits in Chile 
and in California, Nevada, and Louisiana. 

Iodine and its compounds are used in 
making tincture of iodine and other medi- 
cines. Also, they are used in photography, 
in many chemical processes, and to some 
extent in artificial rain-making.! 

IPage 144, ftnt. 2. 


Magnesium. Compounds of magnesium? 
are found not only in sea water, but also 
abundantly in the earth's crust.* This metal 
is combined with other metals to make light- 
weight alloys. These alloys are used ex- 
tensively in making the body structures of 
airplanes and automobiles and parts of 
other machines. 


ELEMENTS FROM THE ATMOSPHERE : 
*The air is the source of five elements that 
are used in industry. These elements are 
oxygen, nitrogen, argon, neon, and krypton." 


?Page 62, ftnt. 3. *Page 253, il. 

^* Alloy (à loi’): a solid material produced by melt- 
ing together two or more elements of which one or 
more arc mctals. 5Page 24, col. 2. 


Without the sea as a source of magnesium our production of blimps and airplanes 
would be seriously reduced. Topic for Individual Study: The nature of the 


metal magnesium. (Consult a textbook of chemistry) 
Officia] United States Navy photograph 


All are obtained, for commercial uses, from 
liquid air. 

Under great enough pressure, air can be 
changed from a gas to a liquid if it is cooled 
to an extremely low temperature. Like 
water and other common liquids, the differ- 
ent gases that compose liquid air have dif- 
ferent boiling points.* Therefore, liquid air 
is “heated” to the boiling point of first one 
and then another of the five gases named 
above. Each of these gases boils away in its 
turn and is collected for future use.” 

Uses of these elements. *Commercially, 
oxygen has two chief uses that are opposite 
in character. These are for welding pieces 
of metal and for “cutting up” metal plates, 
usually plates of steel. Both these processes 
are accomplished with a special type of 
blow-torch. The flame from this blow- 
torch is produced by burning a mixture of 
acetylene and oxygen. The acetylene is a 
combustible gas.* The oxygen supports its 
combustion. The temperatures that result 
are high enough to melt a metal at the point 
where the flame from the blow-torch strikes 
it (illustration, right). 

When welding is the object, the metal 
plates: are melted with a blow-torch along 
the edges that are to be joined. "These melted 
edges are made to flow together. They then 
cool in one piece. When metal-cutting is 
the object, extra oxygen is fed to the flame 
as the metal becomes very hot. The metal 
then burns or vaporizes at the spot touched 
by the flame. The flame is slowly moved 
along the metal surface, thus burning it in 
two (illustration, right). 


YThe boiling point of each is nearly 200° C below 
zero, or —200°C. 

2This process is known as fractional distillation 
(p. 53, ftnt. 3). 

*The oxyacetylene (5k si à sé’ len) blow-torch. 

4Page 26, col. 2. 
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Werner walt, ges Ep Sur 
A new type of blow-torch produces enough 

heat to melt bricks. What protection is pro- 
vided for the operator of this blow-torch? 
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Nitrogen is used chiefly for manufacturing 
fertilizers and explosives. It is used also, as 
are neon, argon, and krypton, in making 
many types of electric lamps.‘ 


RESOURCES FROM THE SOLID EARTH - 
Most of the substances that we use are se- 
cured from the abundant stores within the 
earth’s crust. Among the most important 
of these resources are solid, liquid, and 
gaseous fuels, minerals! of various kinds, 
and long-lasting building materials. Some 
of these resources will be discussed in the 
following sections. They will be discussed 
also in Unit Twelve. 


5Page 189, col. 2. Page 252, col. 1. 
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2. What Important Fuels Are Obtained from the Earth’s Crust? 


COAL AGE FORESTS - Geologists believe 
that coal was formed during a long period 
of the earth’s history, known as the Coal 
Age. During this time there were several 
coal-forming periods. The geologists esti- 
mate that the major Coal Age was at least 
a hundred million years ago and that it 
lasted many million years. During that 
period great areas all over the earth were 
covered with vegetation, more dense than 
that found in tropical jungles today. 

lVegetation (v&j € ta’shtin): plant life. 


What do you imagine that a Coal Age 
forest was like? What, according to the 
scientists, should you be likely to experience 
if you could visit one? 

You would find yourself in a swamp. 
Everywhere there would be great trees, some 
perhaps 200 fect tall (illustration below). 
But they would not be like any trees that you 
see in a forest today. They would resemble 
great ferns. Everywhere, too, there would 
be masses of fern-like vegetation of many 
kinds. 


Geologists believe that a forest, during one of the carlier coal-forming periods, must 
have looked much like this. How many kinds of animals do you see here? 


American Museum of Natural History 
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Mining coal from an open-pit mine (4) and an underground mine (B). From which 
do you think the coal could be obtained more cheaply? Explain 


You would have difficulty in making your 
way over the fallen trees and among the 
thickly growing plants. Cockroaches, some 
half a foot long, would be scurrying about. 
Dragon-flies with a two-foot wing spread 
would dart by your head. You would not 
need to fear snakes, for there were none in 
those early times. But you would need to 
look out for great, fierce animals, ancient 
ancestors of the frogs and their relatives. 
There would be no use for you to look for or 
listen for birds. "There were no birds as 
early as the Coal Age. You would see no 
squirrels or any other animals with hair. 
They too appeared later. 

You may wonder why scientists are so Cer- 
tain that such a picture of the Coal Age as 
this is essentially true. They have pieced it 
together from the study of rock structures 
and fossils. Much of this evidence has been 
found in the coal itself. 


HOW COAL WAS FORMED - During the 
Coal Age the movements of the earth’s crust 
lowered some of these plant-covered regions 
below sea leveluaiinisms slow ato sau 
were formed. Further lowering of the areas 
completely submerged these swamps. The 
vegetation slowly became covered with 


eroded mud, clay, and sand brought by 
rivers and streams. 

The buried masses of plants were almost 
completely shut off from oxygen by the 
water and the deposits of eroded materials. 
Hence they only partly decayed. Peat was 
thus formed. The increasing thickness of the 
layers above the peat exerted increasing 
pressure upon it. Heat and this pressure, 
acting together when almost no oxygen was 
present, changed the peat first to lignite 
and then to soft coal. Intense heat and 
tremendous ‘pressures changed soft coal to 
hard coal (illustration above). 


COAL PRODUCTS - *Probably most people 
think of coal as being merely a fuel. It is 
true that more of it is burned than of any 
other fuel, in homes and industries through- 
out the world. Soft coal is, however, much 
more than just a source of heat. It is the 
source of more than two hundred thousand 
chemical products.” 


PETROLEUM AND NATURAL GAS : Petro- 
leum and natural gas were formed in much 
the same way as coal. They are believed, 
however, to have been formed, not from 


IPage 106. ?Pages 7 and 8; il. 
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vegetation, but from microscopic! sea plants 
and animals. Vast deposits of these organ- 
isms were buried under sedimentary layers. 
During ages of time they were changed by 
heat and pressure to petroleum and natural 
gas. 

‘Page 4, ftnt. 3. 
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The first gusher on the Gulf coast of Texas 
“came in" at Beaumont in 1901. What is 


mixed with the oil here? 
From The Lamp, Standard Oil Company (New Jersey) 


Petroleum. Because the oil industry is 
fairly young, we are likely to think of petro- 
But 
only its great and increasing use in industry 
is relatively new. About 325 B.c. the Per- 
sians (Iranians) entertained Alexander the 
Great with “‘fire-works” that were displays 
of burning petroleum. Early white settlers 
in this country found the Indians using 
petroleum as a medicine in localities where 
it seeped out of the ground. Moreover, 
about a century ago, in Pennsylvania, fol- 
lowing the construction of America’s first 
oil well,? “rock oil" was sold as a patent 
medicine. 


leum as a relatively new discovery. 


Indeed, in some parts of the 
country and to a slight extent, it still is. 

Locating oil deposits. In a few places the 
oil seeps out of the ground. Mostly, how- 
ever, it is far underground, usually in strata 
of sand-stone or limestone. Some heavy- 
producing oil wells are under the ocean 
along the California coast and under the 
Gulf of Mexico (illustration, p. 279). 

The location of oil deposits is no longer 
so much a matter of chance as it was even 
a few years ago. Oil-bearing strata of sand 
or porous rock are usually under a dome of 
sedimentary rock like that shown on page 
266. Such domes are located in ‘‘oil coun- 
try” by first exploding a charge of dynamite 
in the earth. The waves caused by the ex- 
plosion travel down through the soil and 
rocks and are reflected from the domes: 
The reflected waves are recorded by instru- 
ments similar to a seismograph,? placed at 
various points near the spot where the ex- 
plosion was set off. By studying the records 
from several of these instruments, experts 
can determine whether there is a dome and, 
if so, about where it is and about how far 
below the surface. Wells are then drilled 


At Titusville, in 1859. 3Page 257, ftnt. 2. 
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where they will pierce through the dome. 
Sometimes these wells strike oil, sometimes 
natural gas, sometimes salt water. Often 
they strike none of these. 

Petroleum products. “Next to water, petro- 
leum is the most important liquid in the 
world. It is not one substance, but is a mix- 
ture of many compounds. Not all are 
valuable. Nevertheless, books could be filled 
with descriptions of the useful products made 
from petroleum. These include gasoline, 
kerosene, lubricating oils, fuel oil, synthetic 
rubber, dyes, and perfumes. They are ob- 
tained by refining the petroleum through a 
series of complex chemical processes. 

Natural gas. Natural gas is usually 
found along with petroleum. Often the first 
product that comes from an oil well is 
naturalgas. Sometimes an intended oil well 
never produces anything but gas. Some- 
times when an oil well first "comes in," the 
pressure of the gas above the oil is great 
enough to force the oil up through the pipe. 
A "gusher" results (illustration, p. 276). 

*Natural gas is an ideal fuel. It burns 
with a hotter flame than ordinary fuel gas. 
Moreover, from the natural gas of Texas, 
Oklahoma, and Kansas, most of the world's 
supply of helium is obtained. Natural gas is 


dh AN ME. 
Victoreen Instrument Company 
Prospecting for uranium ore with a Geiger 
counter. What do you think a promising 
area for such prospecting is? (See paragraph 
beginning “This method of locating . . . ,” 
below) 


Lupa NE MIR Dt eS oe 
also an important source of carbon black, or 


lamp-black, which is essential in making the 
best automobile tires. 


3. What Are Some Highly Important Minerals That Are 
Obtained from the Earth? 


RADIOACTIVE SUBSTANCES : Until a rel- 
atively few years ago most people had never 
heard of the metal uranium. Now practi- 
cally everybody knows that it is a radio- 
active? substance and therefore a source of 
atomic energy. 

Uranium (à ra’ni tim). 2Radioactive (rà dio Aktiv): 


giving off radiant energy or particles of matter or both, 
as the result of the breaking up of atoms. 


Men, equipped with an instrument called 
a Geiger counter, are prospecting all over 
the world for uranium ores. A Geiger 
counter clicks when near radioactive sub- 
stances. Geiger counters are therefore used 
in airplanes for locating areas that justify 
further prospecting for uranium. 

This method of locating possible uranium 
deposits accomplishes more in a few weeks 
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than could be achieved in many years by 
ordinary prospecting on foot. Yet the areas 
thus located are not certain to contain 
uranium deposits. At altitudes at which 
planes fly, certain rays of radiant energy 
that come from space can cause a Geiger 
counter to click just as it does when near a 
uranium deposit. Hence the promising areas 
located with Geiger counters from planes 
must be further prospected on foot (illustra- 
tion, p. 277). 

Uranium is the first one of a series of 
radioactive elements. The series ends with 
lead. Probably the only other one of the 
series that you have heard of is radium. The 
quantities of energy given off by the radio- 
active elements is beyond our understanding. 
Already scientists have found important uses 
for atomic energy in chemistry, biology, 
medicine, industry, and other branches and 
applications of science. It is expected that 
in time the uses of this source of energy will 
change our entire way of life. More will be 
said later about the uranium series and 
other radioactive elements, as well as about 
atomic energy. 


BUILDING MATERIALS FOUND IN THE 
EARTH - The most important natural build- 
ing stones, namely, granite, sand-stone, lime- 
stone, marble, and slate, have already been 
introduced. Various metals and minerals 
from the earth are also used in building. 
The most important of these is iron. Others 
include aluminum and asbestos. Glass and 
concrete are important building materials 
that are not minerals, but are made from 
minerals. 

Steel is always an alloy.” It consists chiefly 
of iron, with a small quantity of carbon and 
still smaller quantities of such metals as 


Pages 265, col. 2, 266, and 267, col. 2, 
*Page 272, col. 2. 


tungsten (wolfram?), molybdenum," nickel, 
and titanium.’ Other metals used exten- 
sively in building are copper, lead, tin, and 
zinc. 

Aluminum is the most abundant metal 
in the earth’s crust. Also, next to iron, it is 
perhaps the most useful metal. It is only 
about one third as dense" as iron. 

When alloyed with certain other metals, 
aluminum can be made as strong as steel. 
Hence its uses in various types of construc- 
tion are constantly increasing in number. 
Its chief use is for making parts of automo- 
biles, airplanes, and boats. It is used also 
in the manufacture of power lines, clectric 
equipment, and household appliances. No 
doubt you can state many other uses. 

Asbestos, a compound containing the 
metal magnesium, is widely used in insulat- 
ing houses and heating units. Glass is made 
from silica. Glass is used not only for win- 
dows, but also for building blocks and for 
insulation. Many people already "live in 
glass houses," and more will in the future. 

Concrete is an artificial building stone 
that is constantly finding wider uses. It is 
made of sand or gravel mixed with cement 
and water. The cement is usually made 
from limestone and clay or shale. Chemical 
changes? take place in the mixture that cause 
it to form a solid mass. 

Concrete is made much stronger by being 
reinforced." This is done by pouring it 
around steel rods. When it hardens, the 
stecl rods run through it as a core. 


*Wolfram. (wool'frám). 
for tungsten. 

‘Molybdenum (mō lib'de nüm). 

Titanium (ti tā'nï tim). 

*Pages 252, col. 2, and 253, il. 

"Page 109, ftnt. 3. 

5Page 257, ftnt. 4. 

"Page 82, ftnt. 2. See also page 280, "Applying 
Your Knowledge of Science," No. 5. 


Wolfram is another name 
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An oil-drilling rig in the Gulf of Mexico, off the 
coast of Texas. Where do you think the oil 
that is being drilled for is actually thought to be? 
*Recently discovered facts lead some scientists 
to believe that minute quantities of petroleum 
are being produced by plants in certain parts 
of the ocean today 
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Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 271-273. 1. The oceans 
contain in solution small quantities of most of 
the minerals that compose the earth’s crust. 

2. Name four substances that are now ob- 
tained in considerable quantities from the sea. 

3. Nitrogen from the air is used for two 
opposite purposes, namely, welding pieces 
of metals together and cutting large pieces 
of metal. 


Pages 274-277. 4. Geologists piece to- 
gether the history of the earth by studying 
the evidence that they find in rocks. 

5. Coal was formed ages ago from micro- 
scopic plant life. 

6. A substance of great value because 
an enormous number of chemical products 
are obtained from it is (1) coke; (2) soft 
coal; (3) oxygen; (4) anthracite; (5) coal 
gas; (6) bromine. 

7. Coal and natural gas are often found 
together. 


8. Petroleum is obtained from layers of 
sand-stone or limestone. Both are sedi- 
mentary rocks. 

9. Petroleum is the most valuable of all 
liquids, except - MD 

10. Helium and lamp-black are obtained 
from coal tar. 

Pages 277-278. 11. Geiger counters are 
used in locating deposits of coal. 

12. Name the five most important nat- 
ural building stones. 

13. The alloy of iron that is the most 
useful in building is - Hid ese 

14. An artificial building stone is asbestos. 


SCIENTIFIC PRINCIPLES 1. "Changes 
arc constantly taking place upon and within 
the earth's crust as a result of natural 
processes. 

2. "The world is very old. 


SCIENTIFIC TERMS 


*petroleum Tvegetation 


*alloy 
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Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 1. 
Does the seventh sentence on page 271 pre- 
sent a hypothesis, a theory, a fact, or a state- 
ment that is probably a true one because 
itis based directly on the results of experi- 
ments? Justify your answer. What part of 
the second sentence indicates a problem? 

2. It has long been a practice of some 
people to prospect for water, oil, gold, or 
other “treasures in the earth” with a divin- 
ing rod or other doodle-bug. The usual 
divining rod is a Y-shaped stick, commonly 
made from a branch of a witch-hazel 
shrub. The prospector holds the rod by the 
two branches. If he happens then to walk 
over "treasure," the point of the rod is 
supposed to dip. Here are some typical 
comments that people have made about 
prospecting with such doodle-bugs: "I 
know it will find oil because I know a man 
who located oil with one." “You couldn't 
make me believe that" “Can you prove 
that?” “Pd have to see it locate something 
before I'd believe that it works." “If you 
can locate mines and oil wells with divining 
rods, why don't all the mining engineers 
and oil prospectors use them?" "You'll 
have to show me." “I don't believe that 
anybody can find gold with a piece of wood.” 
“Ask any scientist. What will he tell you?” 

Which scientific attitude or attitudes are 
indicated as being either possessed or not 
possessed by the persons who made these 
comments? 

3. Bromine compounds are in all ocean 
water. What inference do you draw from 
this fact with respect to the earlier geological 
history of the region that is now the Ohio 
River valley’? 


CONSUMER SCIENCE : 1. Why is the 
scientific search for oil likely to reduce the 
cost of gasoline for your car? 


1Page 271, col. 2. 


2. Is the expense of laying pipe from the 
Southwestern and Canadian gas fields to dis- 
tant industrial centers justified? Explain. 

3. About one fifth of the coal that is 
mined is used in hauling the rest to its 
destinations. Is this fifth wasted? Justify 
your answer. 

4. How do the modern ways of oil ex- 
ploration? benefit consumers more than the 
older ways did? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. The natural gas above the oil in 
some oil wells is reinforced by pumping 
more natural gas into it from the surface. 
Why? i 

2. Why may uranium become more 
valuable than iron? 

3. How can you explain the fact that 
some oil wells are several miles below the 
earth’s surface? 

4, Indicate one or more paragraphs in 
the preceding chapter that illustrate this 
principle: "Matter can be changed in form. 

5. Perlite, a non-metallic ore mined in 
Colorado, is coming into use as a substitute 
for sand in cement. Its weight per cubic 
foot is only about one-tenth as great as that 
of sand. For what purposes would con- 
crete made with perlite be superior to that 
made with sand? 

6. It may seem strange to you that coal is 
not a true mineral. It is found in the earth, 
to be sure, but it is organic matter.) So also 
are the natural fuels, petroleum, or crude oil, 
natural gas, and peat. They all were 
formed by the partial decay of living things 
that existed ages ago. In contrast, minerals 
were formed directly or indirectly from the 
original rocks of the earth’s crust. Can you 
explain now why coal cannot be a true 
mineral? 


*Page 276, col. 2. ?Page 252, ftnt. 1. 
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UNIT EIGHT 


THE WORK OF THE WORLD 
AND WHAT IT INVOLVES 


United States Army 
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MATTER AND ENERGY 


1. How Are Matter and Energy Related? 


FRONTIERS OF SCIENCE - Does a body 
become heavier or lighter if you heat or cool 
it? 'This probably sounds like a foolish 
question. Yet it is not. To be sure, if you 
were to weigh a quart of water, then heat or 
cool it and weigh it again, you would find 
the weight unchanged. But the fault would 
be in your scales. There would be a slight 
difference, but no ordinary scales would be 
delicate enough to detect it. Scientists, how- 
ever, have discovered that a red-hot iron 
ball 5 feet in diameter does lose weight as it 
cools to room temperature. This loss, how- 
ever, is extremely small—only about one 
one-hundred-thousandth of a pound. Scien- 
tists have found, too, that when a body 
starts to move or to move faster, it becomes 
slightly heavier. Also, they have discovered 
that when a moving body slows down, it 
loses a minute fraction of its weight. 


ENERGY TO MATTER AND MATTER TO 
ENERGY - *Here is evidence to indicate that 
matter and energy are closely related. From 
such evidence and evidence of many other 
Sorts, scientists have arrived at three im- 
portant principles: Energy can be changed 
from one form to another, but it can neither 
be created nor destroyed. This principle is 
known as the law of conservation of energy. 
P Matter can be changed from one form to 
another but it can neither be created nor 
destroyed. Scientists call this principle the 
law of conservation of matter. Within 


fairly recent times, scientists have combined 
these two principles into a third: PMatter 
and energy can be changed into different 
forms, and either can be changed into the 
other without loss, but neither matter nor 
energy can be created or destroyed. ‘This 
principle is known as the law of conserva- 
tion of matter and energy. It is a scientific 
way of saying that nothing is ever lost in 
the sense that it no longer exists anywhere 
in any form. It also is a way of saying in 
scientific language that “you can't get some- 
thing for nothing." 


FAMILIAR ASPECTS OF MATTER - Matter 
was defined earlier as anything that has 
weight and that takes up space! (illustration, 
p. 283). Any body of matter is always a 
solid, a liquid, or a gas. Also, any substance 
is an element, a compound, or a mixture. 
The terms element and compound have already 
been defined and illustrated.? Of the three, 
only mixture remains to be discussed. 

*A mixture is material that is made up of 
separate elements or compounds or both (il- 
lustration, p. 284, col. 1). Air has already been 
described as a mixture of gases and dust. 
Solutions are mixtures. Thus water, as it 
occurs in nature, is a mixture. It is com- 
posed of pure water, dissolved oxygen and 
other gases from the air, minerals that have 


'Pages 21, col. 2, and 22, col. 1. 
?Consult the Glossary to review the meanings of 
terms already defined. 
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Review Question: 


Is there matter in this picture? Is there evidence of energy? 


West Michigan Tourist and Resort Association 


If so, where in each case? 


been dissolved out of rocks and soil, and 
minute plants and animals. 


MOLECULES AND ATOMS - Earlier it was 
stated that all matter is composed of mole- 
cules.! Molecules are almost too small to be 
imagined. Yet in order to understand ele- 
ments, compounds, and mixtures more fully, 
it is necessary to describe still smaller par- 
ticles, namely, atoms.’ 

We are likely to think of molecules as 
being solid bodies, like infinitely small balls. 
Yet every molecule is believed to consist 
largely of empty space. Within this space 
are the atoms that make up the molecule. 


1Page 35. 2* Atom (At üm). 


Every kind of molecule is composed of a cer- 
tain number of atoms. The kinds of atoms 
and the number of each kind are always the 
same for any substance. 

'The molecule of an element contains from 
Thus gold or iron has only 1 
Each of the common 


1 to 4 atoms. 
atom per molecule.* 
gaseous elements, such as oxygen or nitro- 
gen, has 2, The molecule of the element 
phosphorus’ has 4. 

The numbers of atoms in the molecules of 
compounds vary from 2 to many (illustra- 
tion, p. 284, top). Thus the carbon mon- 


3Some chemists consider the molecules and the 
atoms of metals to be the same. 
‘Page 104, ftnt. 1. 
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Science Service 


The first photograph of atoms ever taken. It was taken through a new type of mi- 
croscope that uses both light and X rays and that magnifies about 2,200,000 di- 
ameters. Each group of three dots is a molecule of a compound of iron and sulfur.! 
The two smaller dots are sulfur atoms. The larger one is an iron atom. Topic for 
Individual Study: How the atoms are arranged in a complex molecule. (Consult 
a chemistry text) 


"The chemical formula of the compound is FeS2. See No. 3, p. 33. 


The balls in this drawing represent the mole- 
cules that compose an element (oxygen), a com- 
pound (water), and a mixture (water and oxy- 
gen). Do you think that the molecules here are 

of about the right size as compared with the 

size of the bottle and delivery tube?! Explain 


1Page 34, il. 


—————————————S 


oxide molecule has 2 atoms, one of carbon 
and the other of oxygen. The water mole- 
cule has 3 atoms—two of hydrogen and one 
of oxygen! (illustration, left). The molecule 
of either cane sugar or beet sugar contains 
45. Those of certain compounds that are 
parts of the bodies of living things contain 
many thousand. 


THE ELECTRON THEORY - To understand 
why different substances have different 
properties, it is necessary to know something 
about the electron’ theory. All scientists ac- 
cept this theory, though they do not agree 
with respect to all its details. Therefore not 


"The chemical formula of any substance indicates 
the number of atoms in its molecule. Thus the 
chemical formulas of oxygen and nitrogen are re- 
spectively Oo and Na (2 atoms each). Those of 
carbon monoxide, water, and carbon dioxide are 
respectively CO, H20, and CO». The formula of 
cane sugar or beet sugar is C12H220 i1. 

! Electron (È lëk'trön). 
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all the statements that follow are known to 
be true. All, however, are considered rea- 
sonable in the light of abundant evidence. 
Here they will be stated as if they were ac- 
cepted facts. 


INSIDE THE ATOM - Like a molecule, 
an atom consists mostly of empty space. 
In the center of this space is a nucleus, or 
core. Inside the nucleus are one or more 
protons,' and also the same or a larger num- 
ber of neutrons,? depending on the kind of 
atom (gold, oxygen, or other element). A 
proton is a positive, or plus (+), particle of 
electricity. A neutron is a particle of about 
the same size and weight as a proton, but it 
has no electrical charge. 

Circling around the nucleus in infinitesi- 
mal! orbits are electrons (illustration, right). 
These electrons are particles of negative, or 
minus (—), electricity. It has been estimated 
that a billion billion electrons together 
would be needed to cover a space the size 
of the period at the end of this sentence. An 
electron is somewhat larger than a proton 
or a neutron, but it weighs only about one 
two-thousandth® as much. There is 1 elec- 
tron outside the nucleus for every proton 
inside it. 


WHY SUBSTANCES ARE DIFFERENT : 
The number of protons, neutrons, and elec- 
trons within the atoms of any substance de- 
termines what the substance is. No two 
substances have exactly similar atoms (illus- 
tration, right). The hydrogen atom is the 
simplest. It has just 1 proton in its nucleus 
and 1 electron circling around the nucleus. 
Ithas no neutron. The helium atom is next 
simplest, with 2 of each of these three kinds 

1Proton (pro'tón). 2Neutron (n trón). 

3The nucleus of the hydrogen atom (described later) 


is the only exception to this statement. 
4Page 245, ftnt. 2. SActually about 17870: 


— 


A hydrogen atom 


An oxygen atom 


Scientists believe that the atom of hydrogen and 
the atom of oxygen may be constructed some- 
what as these diagrams indicate. Why are not 
all 8 protons and all 8 neutrons in the nucleus 
of the oxygen atom shown in this diagram? 


of particles. The lithium atom is the next 
simplest. It has 5 protons and 4 neutrons 
inside its nucleus and 3 electrons circling 
around the nucleus. The most complex 
atom of the 92 natural elements is the atom 
of uranium. It has 92 electrons, the same 
number of protons, and 146 neutrons. The 
man-made elements, of which six had been 
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produced by 1953, are still more complex. 
More will be said about them in a later 
unit. 

*In accordance with the electron theory, 
scientists believe that all the differences be- 
tween substances are due to the differences 


in the numbers and arrangements of the 
electrons, protons, and neutrons inside the 
atoms. They believe, for example, that 
such atomic differences account for gold’s 
being yellower, softer, and denser than iron 
and in many other ways different from iron. 


2. What Are Some Properties of Matter That Are Important 
in Daily Life? 


FLOATING ROCK - "Sink like a stone” is a 
common expression. Yet immediately after 
an eruption of a volcano in the Pacific Ocean 
some years ago, the surface of the water was 
covered with pieces of floating rock (illustra- 
tion, p. 250). Of course the rock fragments 
were not solid bodies, like ordinary pebbles. 
They were full of pores, or holes, like a 
sponge, and at first the pores were filled 
with a volcanic gas. Consequently a piece 
of the gas-filled rock was "lighter" than 
water. But water soon took the place of the 
volcanic gas in the rock pores. Thus each 
piece of water-soaked rock became “heay- 
ier" than water. Hence it sank. 


DENSITY OF MATTER : Lighter or heavier 
than water means lighter or heavier volume 
for volume. It would be more correct, how- 
ever, to say that the gas-filled rock was less 
dense than water and that the water-soaked 
rock was denser. This statement would mean 
that at first a cubic foot of the rock weighed 
less than a cubic foot of the ocean water, and 
that later, as it soaked up water, a cubic 
foot of it weighed more. The term density 
has already been defined and used.! 

Anything that is less dense than water will 
float on it. Anything denser will sink. A 
further explanation of why bodies float or 
sink in water will be given later. 


!Page 109, ftnt. 3, and page 215, col. 1. 


MEASURING MATTER - In Canada gaso- 
line is sold by the imperial gallon. This gal- 
lon contains about 4.8 United States quarts. 
In Mexico gasoline is sold by the liter. A 
liter is slightly more than a quart? (illustra- 
tion, p. 290). A liter is a unit of the metric 
system of weights and measures. ‘This sys- 
tem is in general use in most parts of the 
civilized world, though not in the United 
States, Canada, England, and Russia. It is 
used for all scientific work everywhere in 
the world. 

The metric system is in one important re- 
spect like our money system. Each unit of 
length, weight, or volume (capacity) is ten 
times as great as the next smaller unit. The 
metric system is more convenient than any 
other. In time it may be commonly used 
all over the world. 


CHEMICAL CHANGES AND PHYSICAL 
CHANGES - Chemical and physical changes 
have already been defined and explained,’ 
but not in terms of molecules. "When any 
substance undergoes a chemical change, its 
molecules break up (illustration, p. 287). 
Usually its atoms combine with atoms of 
other substances to form new and different 
molecules. Of course these new molecules 
have different properties from those of the 


*Pages 290-291, "Consumer Science," No. 1. 
‘Page 257, ftnts. 3, 4. 
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What physical and chemical changes are illustrated here? 


On the other hand, when a sub- 
its 


old ones. 
stance undergoes a physical change, 
molecules remain unchanged. 


INERTIA - A stalled automobile may re- 
quire two or three men pushing against it to 
get it started. But one person can often keep 
it moving after it has been set in motion. 
Many men, however, pulling together on a 
moving car could not stop it instantly. 

*The statements just made illustrate in- 
ertia! Inertia is the property of matter that 
makes it hard to start bodies or to stop them 
or to change the direction in which they are 
moving. Scientists describe the effects of 
inertia as a principle: PA motionless body 
stays still, and a moving body keeps moving 
at the same speed and in the same straight 
line, unless some force causes it to change its 
state of rest or motion (illustration, p. 288). 


CENTRIFUGAL FORCE : Do you enjoy the 
exciting rides at an amusement park or à 
carnival? On such rides you found that 
you needed to hang on tightly when you 


inertia (in Qr'sha). 


“took the curves,” because your body tended 
to swing strongly outward. If you ride a 
bicycle, you know that you must lean in- 
ward when you turn a corner. Fast-moving 
automobiles tend to skid off the road or into 
the wrong traffic lanes on the curves. Also, 
speed-boats and airplanes tend to skid on 
sharp turns. 

Both swinging outward and skidding on 
the turns are illustrations of centrifugal 
force.2 Centrifugal force is inertia applied 
to whirling bodies. The parts of rotating 
bodies and of those traveling in a curve tend 
to continue outward in the directions in 
which they happen at any instant to be 
moving. If their centrifugal force is not 
balanced and counteracted, they do move 
outward in a straight line. 

Centrifugal force is one of the two 
forces that keep the planets in their orbits. 
The other force is gravitational attraction? 


2Centrifugal (sën trif'ü gal) force: the force that 
tends to make a rotating body or one moving ina 
curving path, or the parts of such a body, move out- 
"ward from the center of the circle of rotation. 

3Page 209, ftnt. 1. 
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Both cars approaching on “81 Ave.” were 50 feet from the intersection when the traffic 
light changed to red. The car in A was going 25 miles per hour. The car in B was going 
50 miles per hour, Why could not the driver in B help “going through the red"? 


which balances the centrifugal force. Also, 
gravitational attraction prevents ourselves 
and other bodies from being whirled away 
into space by the spinning earth. 


MOLECULAR ATTRACTION - Cohesion. 
If two balls of modeling clay are pressed to- 
gether, they stick together, forming one 
mass. The sticking together of molecules 
of the same kind is called cohesion. A steel 
tool keeps its shape because of cohesion. A 
drop of water tends to be a sphere for the 
same reason. 

If it were not for cohesion, there would be 
no bodies of matter. There would be only 
separate molecules of all the different sub- 
stances. Molecules of the same kind will 
stick together, however, only when they are 
very close together. You could not make 
two pieces of lead into one piece by pressing 


*Cohesion (ko he'zhün). 


them together with your fingers. You 
could not get the molecules of the two pieces 
close enough together. But with certain 
machines, two sheets of lead can be pressed 
together tightly enough so that the mole- 
cules will hold fast and form one sheet. 
Cohesion is strong in solids. It is much 
less strong in liquids. Itis not strong enough, 
in fact, to prevent liquids from taking the 
shapes of their containers. Cohesion is weak 
in gases. If it were not, gases would not ex- 
pand to fill all the available space. 
Adhesion. After a swim or a bath, your 
body is wet. This is a case in which different 
kinds of molecules, namely, water molecules 
and flesh molecules, stick together. The 
sticking together of different kinds of mole- 
cules is called adhesion? Other common ex- 
amples of adhesion are a stamp adhering to 
an envelope, paint sticking to a wall, and 


*Adhesion (4d he'zhün). 
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tar and glue sticking to almost anything. 
You can probably think of many other ex- 


amples, both of adhesion and of cohesion (il- 
lustration on this page). 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 282-286. 1. A brick 
weighs exactly the same when hot as when 
cold. 

2. When a building is burned up, its 
materials are not actually destroyed, but are 
changed into other kinds of substances. 

3. When you dissolve sugar in lemonade, 
you make a compound. 


Which of these drawings illustrates adhesion, 
and which cohesion? Explain 


4. Arrange the following bodies or par- 
ticles in the order of their sizes, from largest 
to smallest: atom, neutron, nucleus, elec- 
tron, molecule. 

5. Many different substances have the 
same number of atoms in their molecules, 
but no two kinds of atoms are alike. 

6. Two kinds of particles that are in the 
nucleus of the atom are --?-- and --?-— 

7. Negatively charged particles that 
circle around the nuclei of atoms are (1) 
protons; (2) electrons; (3) neutrons; (4) 
molecules; (5) smaller atoms. 

8. Your hand and this book are partly 
composed of electricity. 


Pages 286-289. 9. Something that is 
denser than water is (1) sugar; (2) an air 
bubble; (3) ice; (4) a log; (5) floating 
soap. 

10. Every unit in the metric system is 
one hundred times as big as the next smaller 
unit. 

11. Chopping wood brings about a physi- 
cal change. 

12. The spoiling of milk is an example of 
__?_. change. 

13. If a car suddenly stops, the heads of 
its passengers jerk forward because of cen- 
trifugal force. 

14. When coffee is stirred, it becomes 
higher at the edges than in the middle of 
the cup, as it whirls, because of Sears 

15. Grease sticking to your hand is an 
example of centrifugal force. 

16. Paraffin could not be molded into 
candles if it were not for the eve Or tne 
paraffin. 
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SCIENTIFIC PRINCIPLES - 1. "Matter and 
energy can be changed into different forms, 
and either can be changed into the other; 
but the total amount of matter and energy 
in the universe remains always the same. 

2. PAll matter is composed of nothing but 
electricity. 

3. "The molecules of the same substance 
are all alike, but the molecules of different 
substances are always different from one 
another. 

4.?A motionless body remains motion- 
less or a moving body continues in motion 
in a straight line at uniform speed unless 


some force causes it to start or stop, as the 
case may be. ‘ 

5. PAll whirling bodies tend to move 
outward from the center of rotation. 

6. "Molecules have attraction for other 
molecules of the same kind and also for 
other molecules of other kinds. 


SCIENTIFIC TERMS 


Tadhesion Tinertia 
*atom *mixture 
Tcentrifugal force Tneutron 
Tcohesion *nucleus 
Telectron Tproton 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK : 1. 
Which of the scientific attitudes! is or are 
illustrated by the sentence beginning “All 
scientists accept this theory, . . .” and the 
next sentence on page 284? 

iPage 535. 


Comparing English and metric units. Panel 
Discussion: The metric system should be 
adopted in the United States and Canada 

for all measurements 


1 liter=1.06 qt 


2. How does the first principle on this 
page illustrate this statement: **As knowl- 
edge grows, our ideas of what is true 
change”? Which of the scientific attitudes 
is or are indicated by this quoted statement? 


CONSUMER SCIENCE - 1. In many cases 
the weights or the capacities of the contain- 
ers of canned or packaged goods are printed 
on the labels. These measures are often 
stated in both English and metric units. 
Visit a grocery store and see how many cans 
and packages you can find whose contents 
are declared in metric units. Prepare a 
report of your findings, to be given in your 
science class or your science club. 


METRIC MEASURES 
Measures of Length 
10 millimeters (mm) = 1 centimeter (cm) 
10 centimeters = 1 decimeter (dm) 


10 decimeters = 1 meter (m) 
1000 meters = 1 kilometer (km) = 0.62 mile 


Measures of Weight 
10 milligrams (mg) = 1 centigram (cg) 
10 centigrams = 1 decigram (dg) 
10 decigrams = 1 gram (g) 
1000 grams = 1 kilogram (kg) = 2.2046 Ib 
1000 kilograms = 1 metric ton (M.T.) = 2204.61b 
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Measures of Capacity 


10 milliliters (ml) = 1 centiliter (cl) 
10 centiliters = 1 deciliter (dl) 
10 deciliters = 1 liter = 1.06 quarts (qt) 


2. If a gallon of gasoline costs 30 cents in 
the United States, what would an imperial 
gallon cost at the same rate?! 

3. Can you explain why worn tires are 
more likely to blow out on curves than on 
straight stretches of highway? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE : 1. Speedometers on European cars 
register distances in kilometers? instead of in 
miles. One kilometer is 1000 meters. In 
traveling 1000 miles, should you travel less 
or more than 1000 kilometers? How many, 
more or less? 

2. If a fast-moving automobile is suddenly 
stopped, packages on the seat slide forward 
and fall on the floor. Can you explain this 
statement? 


EXPERIMENT - Doa measure ofalcohol and 
a measure of water, when mixed together, 
occupy more or less space than 2 measures 
of water, or the same space? Put a rubber 
band around a small test tube, about a 
third of the way up from the bottom. This 
test tube will serve as the measure. Pour 
alcohol into the measure to the exact level 
of the rubber band. Pour this alcohol into 
another test tube of the same size. Rinse 
the measure with water. Fill it a second 
time with water to the exact level of the 
rubber band. Pour all this water into the 
test tube containing the alcohol. Now fill 
the measure again with water exactly to the 
rubber band. Pour it into a third test tube 
of the same size as the others. Once more 
fill the measure with water to the level 
of the band and add this measure of water 
to the one already in the third test tube. 
The second test tube now contains 2 meas- 


1Page 286, col. 2. ? Kilometer (kil'o me tér). 


This drawing! summarizes the materials pre- 
sented on pages 282-286. Can you suggest 
other examples of the various kinds of matter 
that might be substituted for the branches of 
this "chemistry tree”? 


Adapted from Course of Study for Secondary Schools, 
Department of Public Instruction, Commonwealth of 


Pennsylvania. 
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ures of liquid, one of alcohol and one of 
water. The third test tube contains 2 meas- 
ures of water and thus serves as a control. 
Shake each of these two test tubes in turn, 
with your thumb over the mouth of the 
tube. Now carefully compare the levels of 
liquid in the two. Answer the question at 
the beginning of this experiment. Can you 
think of a reason to account for the results 
of your experiment (illustration, bottom, 
p. 284)? 
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FORCE, WORK, AND ENERGY 


1. How Are Force, Work, and Energy Related to Each Other? 


“SCIENCE MARCHES ON" - No doubt the 
first energy that man was able to use directly, 
besides food, was the radiant energy of the 
sun. It warmed his body and provided 
light for carrying on his limited activities.! 
Of course he used the sun's energy indirectly 
in other ways. He ate plants and animals, 
which, like himself, were able to live only 
because of the sun's energy. Also, he drank 
water that had fallen condensed as rain after 
it had been evaporated by the sun's energy. 

"Thousands of years passed before ancient 
man learned to control fire.? Then he had 
available a new source of heat energy and 
light energy. Much later he learned to 
“harness” the energy of falling and running 
water for turning mills and other machines. 

Almost entirely during the past century, 
men have learned how to employ electrical 
energy in hundreds of useful ways. More- 
over, within the last few years, scientists have 
discovered the possibilities of atomic energy. 
'This new source of energy may change our 
whole way of life. Still other sources of 
energy may yet be discovered and put to 
use as "science marches on.” 


ENERGY . Energy has already been de- 
fined, and many references to it have been 
made in earlier parts of this book. Heat, 
light, and certain aspects of electrical energy 
have been discussed. Other forms of energy 
have been mentioned. Also, numerous ex- 


1Page 206, il. ?Page 2. 


amples of the changing of energy from one 
form into another have been introduced. 
It is now necessary to consider energy as 
related to force and work. 

Potential energy. Potential energy is 
stored energy. It is energy that is stored in 
a body as a result of the body's having been 
lifted, compressed, stretched, twisted, or 
bent (illustration, p. 293). Thus bodies 
have potential energy if they are where they 
could fall, slide, or roll. "Therefore anything 
that you hold in your hand has potential 
energy because it is in a position' to fall. A 
skier on a mountain-side* has potential en- 
ergy because he is in a position to slide. A 
car parked at the top of an incline likewise 
has potential energy. It is in a position to 
roll to the bottom. In all these cases the 
objects have energy because of gravity. 

When any of these bodies has reached 
level ground, however, it no longer has 
potential energy due to its position. The 
potential energy that it had was changed 
on the way down to energy of motion and 
heat energy. Likewise, when objects that 
have been compressed, stretched, twisted, 
or bent return to their normal conditions, 
they no longer possess potential energy. The 
potential energy that they had as a result of 
their strained conditions was changed to 
energy of motion and heat as they resumed 
their normal shapes. 

The chemical energy stored in substances 


3Potential (po tén'shàl). *Page 165, il. 
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How many examples of energy can you identify here? 


such as foods, fuels, and explosives is also 


potential energy. The potential energy thus - 


stored can be changed by burning or by 
other means to light, heat, or other forms 
of energy.’ 

Kinetic energy. Kinetic? energy is the 
energy of motion. Any moving body has 
kinetic energy? 

Many bodies have both potential and 

1Page 305, No. 5. 2 Kinetic (ki nét'ik). 
3Page 305, No. 6. 


kinetic energy at the same time. Thus, when 
a. basketball strikes the floor, the air inside 
it is further compressed. This compression 
gives the ball potential energy. But while 
the ball is rising from the floor in a bounce, 
its potential energy is being changed into 
kinetic energy. By the time it has reached 
the top of its bounce, all its kinetic energy has 
been changed to potential energy of position. 
Then, while it is falling again, this potential 
energy is being changed to kinetic energy. 
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Wasted energy. "Any form of energy 
can be changed into other forms without 
loss. Part of it, however, is always likely 
to be changed into one or more forms that 
at the time we cannot use. For all practical 
purposes that energy is wasted. Sometimes 
it does harm. To illustrate, the gasoline 
that is put into a car is potential energy, 
and so also are the chemicals in the battery. 
As the car runs, part of the potential energy 
of the gasoline and the battery is changed 
to useful kinetic energy, to light, and to 
current electricity. But much of it is 
changed, also, to heat energy. ‘This change 
takes place in the engine, in all the moving 
parts, in the wiring, and in the lamps. As 
much heat is sometimes thus produced as 
would be needed for heating several rooms. 
Most of this heat is wasted energy because 
it serves no useful purpose. Moreover, if 
enough of it were not continuously removed, 
it would quickly ruin the engine, the battery, 
and the wiring. No doubt you can think of 
other damage that it would do. 


WORK - Wherever bodies are moving, 
work is being done. Unless there is motion, 
Page 282, col. 1. 


however, there is no work. Thus, in the 
scientific sense, carrying your school-books 
is work. But studying them or holding them 
while you are standing still is not. Also, 
pushing an automobile that is stuck in sand 
or snow is not work unless you succced in 
moving it. To be sure, in all these activities 
you are using energy. Also, you may be- 
come exhausted by such tasks. Yet you will 
have done no work by engaging in any sort 
of mental activity or by merely exerting 
force. To do work, you must both exert 
force and move something (illustration be- 
low). 

If force is exerted, but no movement re- 
sults, the energy that produces the force is 
changed to heat or another form of energy. 


FRICTION - Recently, as a stunt, a high- 
school boy taught himself to skate with roller 
skates on ice. His best efforts, however, fell 
far short of expert ice skating. He was able 
to clump along after a fashion, making some 
progress and keeping his balance. But there 
was not enough friction? between his skate 

?Page 304, “Applying Your Knowledge of Science,” 


No. 2. 
‘Page 90, col. 1, def. 


In both these pictures, is energy being expended? Is force being exerted? 
Is work being done? 


Ball bearings. cuit as 


Chicago Roller Skate Company ; The Science Mu: 
Crown copyright reserved; Timken Roller Bearing Company 


Ancient and modern ways of reducing friction. 


reduced in each case? 


seum, London, 


How is friction 
bearings 
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rollers and. the ice to make good skating 
possible. Nobody, however, could learn to 
skate with ice skates on a roller rink. There 
would be too much friction between the 
skate runners and the floor. 

PWherever work is being done, there is 
always friction. Why? Because there is no 
such thing as a perfectly smooth surface. If 
you could see the most highly polished metal 
surfaces under a powerful microscope, they 
would look like rugged landscapes. When, 
therefore, one body moves over the surface 
of another, the two surfaces lock together 


more or less. The rougher they are, the 
greater the friction. 

We are likely to think of friction as result- 
ing only when one solid body moves over 
the surface of another. But there is friction 
also whenever any body moves through a 
liquid or a gas. You have experienced such 
friction if you have ever tried to run in 
shallow water. Airplanes fly at great alti- 
tudes to reduce the friction of the air as it 
flows over their surfaces. 

Wanted and unwanted friction. *It is 
fortunate that there is always some friction 
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when work is being done. Some friction is 
necessary. It is only when there is too much 
friction that it is undesirable. To illustrate, 
an automobile skids or its wheels spin if there 
is too little friction between its tires and the 
pavement. To increase the friction, there- 
fore, sand is spread on icy pavements. For 
the same purpose, smooth tires are replaced 
with new ones, which have unworn treads. 
In contrast, automobiles are greased and 
oiled to reduce the friction of their running 


parts. Yet, if all the friction could thus be 
eliminated, the cars could not even be made 
to start. 

*®There is less friction between rolling 
surfaces than between sliding surfaces. This 
principle was applied thousands of years 
ago, when people invented the first wagons 
and wheelbarrows. In modern machines 
rolling friction is substituted for sliding fric- 
tion by means of ball bearings and roller 
bearings (illustration, p. 295). 


2. What Are Some Important Recent Advances in the Study 
of Energy? 


OUR IDEAS CHANGE AS KNOWLEDGE 
GROWS! - You have probably heard of al- 
chemy? and the alchemists.? Alchemy was 
the name given to such chemistry as there 
was five hundred to a thousand or more 
years ago. The alchemists engaged chiefly 
in seeking the “philosophers’ stone." This 
would be something that would change less 
valuable metals, such as mercury, copper, 
and lead, to gold and silver. Also, it would 
cure every disease and would thus enable 
people to live hundreds or even thousands 
of years. 

Some of the alchemists were quacks,’ who 
pretended to have knowledge that they did 
not possess. Others posed as magicians. 
But most of them were sincere scientists. 
Some of these latter ridiculed the idea that 
any metal could be changed into any other. 
Nevertheless, modern scientists have found 
that there are some elements, the radioactive! 

‘To the Teacher. To the pupil who has had little 
acquaintance with these more advanced applications 
of science, some of the materials in this section may 
seem complex and difficult. With some classes, there- 
fore, it may not be desirable to require mastery of this 


section, "Alchemy (AV'ké mi). Alchemist (Al k& mist). 
*Page 306, No. 3. ‘Page 277, ftnt. 2. 


ones, that are constantly changing into 
other elements. Furthermore, scientists have 
learned ways of bringing about such changes 
artificially. They have even accomplished 
part of the alchemists’ dream. They have 
actually succeeded in changing mercury to 
gold, though not in paying quantities. They 
bring about such changes, however, by 
technical? processes that are far more com- 
plex than any that the alchemists could have 
imagined. 


PIONEER WORK IN ATOMIC SCIENCE - 
Roentgen's contribution. About sixty 
years ago Roentgen? was experimenting with 
electrical charges in vacuum tubes. ‘This 
investigation led him to the discovery of 
X rays (illustration, p. 297). Other scien- 
tists at once began to study these new rays. 
They soon became convinced that X rays 
were a form of energy of which they had 
not previously known. 

Becquerel's contribution. As would be 
expected, Roentgen's discovery led scientists 

S Technical (ték'nf kil): having to do with a partic- 
ular branch of science or industry. 


Wilhelm (vil’hélm) Roentgen (rfint’gtn): 
German physicist; lived, 1845-1923. 


noted 
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to search for other new forms of radiant en- 
ergy. They had long known that uranium 
compounds glow in the dark. Becquerel? 
was struck with the idea that there might be 
some relation between this luminescence? 
and the “Roentgen rays.” He therefore 
undertook to investigate uranium com- 
pounds to discover, if possible, the cause of 
the glow. He soon found that such com- 
pounds would cause a photographic plate 
to darken, just as light causes it to do. Here, 
then, was evidence that uranium compounds 
give off energy. Now we know that this 
evidence indicated radioactivity. 

Becquerel’s discovery of radioactivity was 
an important milestone of science. It may 
be considered the beginning of modern 
atomic science. 

The Curies’ contribution. Becquerel’s 
discovery encouraged the Curies’ to search 
for other radioactive substances besides 
uranium compounds. They began experi- 
menting with pitchblende,* the most com- 
mon uranium ore? They discovered that 
pitchblende was more strongly radioactive 
than pure uranium. They reasoned, there- 
fore, that pitchblende must contain, in ad- 
dition to uranium, some other substance 
that was more highly radioactive. 

The Curies began their search for this 
substance. They obtained several tons of 
pitchblende and spent the next three years 
separating out of it the strongly radioactive 
substance. At last they succeeded. They 
obtained from the great mass of pitchblende 


l4mtoine (an twan’) Becquerel (bé krél’): French 
physicist, whose father and grandfather, of the same 
name, were also noted physicists; lived, 1852-1908. 

?Page 186, “Topic for Individual Study.” 

?Marie (ma re’) Curie (ki ré’): lived, 1867-1934. 
Pierre (pyér) Curie: Madame Curie's husband; lived, 
1859-1906. The Curies, especially Madame Curie, 
were eminent French physicists. 


4Pitchblende (pich'blénd). ‘Page 277. 


Johns Hopkins Bulletin and Dr. Eben C. Hill 
An X-ray photograph of a baby's arm.! X rays 
are used in hospitals for detecting broken bones 
and for many other purposes. Topic for 
Individual Study: Uses of X rays. 
(Consult an encyclopedia) 

From Guenberg and Bingham, Biology and Man, 
Ginn and Company. 
M 
a few milligrams’ of a previously unknown 
element. Madame Curie named this ele- 
ment radium.’ 

Rutherford’s contribution. Meanwhile, 
of course, many other scientists were investi- 
gating radioactivity. Rutherford’ succeeded 
in discovering what the “Becquerel rays" 
actually are. He found them to consist of 
streams of both matter particles and radi- 
ant energy. The matter particles are now 

6Page 290, table. 7 Radium (ra'di tim). 


SErnest Rutherford (rüth'ér férd): distinguished Brit- 
ish physicist; lived, 1871-1937. 
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Cosmic rays 


Gamma rays 


X rays 


Ultra-violet 


Radio 


The forms of radiant energy. Sunshine 
is made up of all these forms. Which 
forms can we sense? 


1UHF means “ultra (beyond)-high-frequency.” 


known to be electrons! and the nuclei of he- 
lium atoms. The radiant energy was later 
named gamma rays. These are like X rays, 
but much more powerful (illustration, left). 


A NEW THEORY - Before Becquerel’s and 
the Curies’ experiments, scientists had be- 
lieved that the atoms of elements never 
changed and could not be made to change. 
But as knowledge of radioactivity grew, they 
became convinced that this belief was false. 
The new evidence strongly suggested the 
theory that atoms disintegrate. Abundant 
evidence has since been found to confirm 
this "theory of radioactivity" as a fact. 


NATURAL RADIOACTIVE ELEMENTS 
Uranium, radium, and certain other ele- 
ments are naturally radioactive. PAI radio- 
active elements are constantly disintegrating. 
As each breaks up, it does not mercly release 
energy or atomic particles or both. It also 
changes into a different element. 

'The radioactive elements change from 
one element to another in a definite order, 
or series. "There are several such series. In 
the one that is now the best known, there 
are at least 15 elements. This series begins 
with uranium because the uranium atom 
has the greatest amount of energy. Each 
element in turn has less atomic energy than 
the one before it. Finally the series ends 
with lead. Lead is not radioactive. Not all 
these elements, however, are completely 
different elements, like uranium and ra- 
dium. Some are isotopes? Isotopes will be 
explained later. 


1Page 285, col.1. 

?Disintegrate (dis tn'té grat): to break up, or shatter, 
as from an explosion; to decompose (dé kom poz’) 
into fragments. 

*Iolope (i's6 top): any one of two or more forms of 
the same element whose nuclei have the same num- 
ber of protons, but different numbers of neutrons 
(p. 285). 
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University of California 


The great cyclotron of the University of California at Berkeley. What object in this 
picture gives you an idea of the size of the cyclotron? 


When an atom of any element in this 
radioactive series disintegrates, it becomes 
an atom of the element that follows it in the 
series. The process is never reversed. Each 
element always breaks up into one that has 
less, never more, atomic energy.! Therefore 
uranium, which is at the top of the series, is 
the only element of the series whose atoms, 
once they have disintegrated, cannot be re- 
placed. 

Slow disintegration. From this last 
statement you might think that in time all 
the radioactive elements would be changed 
to lead and would no longer exist. 'Then 
there would be no more radioactivity. Why 
has it not happened long since? For this 
reason: 

Each of the radioactive elements disin- 
tegrates at its own rate. Uranium has the 
slowest rate. Nearly 5 billion years would 


Atomic energy is energy that is set free when the 


nuclei of atoms are shattered or otherwise changed. 
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be required for half the atoms of uranium 
in the earth to disintegrate. Another 5 
billion years would pass before half of the 
remaining uranium atoms would have 
broken up, leaving one fourth, and so on. 
Thus, after nearly 15 billion years, one 
eighth of the earth’s original store of ura- 
nium would still remain unchanged. Scien- 
tists estimate the world to be about 2 billion 
years old. Therefore it is easy to understand 
why there is still plenty of uranium, as well 
as plenty of all the other radioactive ele- 
ments of the series. 

Rapid disintegration. In contrast with 
uranium, most of the other radioactive ele- 
ments disintegrate in a relatively short time. 
A few break up at a rapid rate. To illustrate, 
half the atoms of one, known as UXz, break 
up in a minute and a quarter. Half the 
atoms of another (radium A) decompose in 
three minutes. Either of these elements 
would be practically destroyed in an hour 


[299] 


Smashing an atom. A, a neutron from a cyclotron about to enter the nucleus of a 
uranium atom. B, the neutron enters the nucleus. C, the nucleus is split. An atom 
of barium (a metal), another of krypton (a gas), and several neutrons are freed. 
What in this picture indicates the energy that is also released? 


if it were not constantly being replaced by 
the breaking up of the element just ahead of 
it in the series. 


THE ENERGY RELEASED BY RADIOAC- 
TIVITY - The quantity of energy’ given off 
by the disintegration of a single atom is in- 
finitesimal. But the total quantity of energy 
released by even a small weight of a radio- 
active substance is enormous. To illustrate, 
it is estimated that the changing of 1 gram 
of uranium to lead would supply as much 
energy as the burning of 6000 tons of coal. 

Scientists have already invented ways of 
smashing, or splitting, atoms artificially (il- 
lustration, above). Moreover, they have 
made some progress toward controlling the 
energy thus released. 


ATOMIC FISSION - The smashing, or split- 
ting, of atoms artificially is known as atomic 
fission? Atomic fission is brought about 
by bombarding? the nuclei of atoms with 
"atomic bullets." These bullets are usually 

1Page 305, No. 3. ?Fission (fishün). 


3Bombard (bóm bard’): to shoot bullets or shells at 
some object. 


neutrons, but often they are other atomic 
particles. Such particles normally travel at 
tremendous speeds. When, however, they 
are used as bullets, they are made to increase 
their speeds enormously. This is accom- 
plished with cyclotrons,* or “atomic guns.” 
Cyclotrons are huge and complex electric 
and magnetic devices (illustration, p. 299). 
Inside them the speeding particles, or 
atomic bullets, are directed at the substance 
whose atoms are to be smashed. The targets 
are the nuclei of the atoms of this substance. 

Both the bullets and the targets are too 
small to be imagined. Most of the bullets, 
therefore, pass through the spaces inside the 
atoms without hitting anything. But there 
are billions of bullets, as well as billions of 
targets. Hence some of the speeding par- 
ticles, maybe one in many Millions, are cer- 
tain to strike the nuclei of some of the atoms. 
If a particle strikes a nucleus squarely, the 
nucleus is usually split. The "pieces" of the 
split nucleus include the nuclei of two “new” 
atoms and more neutron bullets (illustra- 
tion above).° 


‘Cyclotron (si'klo trén). sPage 306, “Topics,” No. 2. 
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How a chain reaction might occur. A, a neutron smashing a U??? nucleus. B, some 
neutrons that were knocked out of the split nucleus may strike and split other nuclei. 
Which are the bullets, and which are the targets? 


MATTER TO ENERGY, AGAIN - The com- 
bined weights of all the parts of a smashed 
atom never total quite as much as the weight 
of the atom before it was smashed. The 
difference is infinitesimal, but it indicates 
that some of the matter has been changed to 
energy. Thus it provides evidence that mat- 
ter may change to energy.” 


ISOTOPES - Many clements have two or 
more isotopes. As has been stated, every 
isotope of an element has in the nucleus of its 
atom the same number of protons. But the 
numbers of neutrons in the nuclei of the 
atoms of any two isotopes of the same ele- 
ment are different Thus, as has also been 
stated, the commonest isotope of hydrogen 
has 1 proton, but no neutron, in the nucleus? 
of its atom. Heavy hydrogen, a second iso- 
tope of hydrogen, has in its atomic nucleus 
one of each. A third isotope of hydrogen 
has 1 proton and 2 neutrons. 'The com- 
monest isotope of uranium has in its nucleus 


?Page 298, ftnt. 4. 
3Page 285, col. 1. 


1Page 282. 


92 protons and 146 neutrons. It is indicated 
by the symbol U8. A second, and the most 
important, isotope of uranium has in its 
nucleus 92 protons and 143 neutrons. This 
isotope is indicated by the symbol U***. 


CHAIN REACTIONS - An atomic chain 
reaction must be produced in order to set 
free large quantities of atomic energy at 
once. A description of a chain letter will 
help you to understand an atomic chain 
reaction. A few years ago chain letters 
were a fad. A person started a chain by 
writing a letter to each of ten people. Each 
of these ten was supposed to write to ten 
others, and so on. Everybody was urged 
not to “break the chain” by failing to write 
to ten more people. If nobody did break it 
and if nobody received more than one letter, 
the seventh set of letters sent out would 
reach a million people. The tenth set 
would reach a billion. 

‘Atoms of the isotope U?” can be smashed 
by neutron bullets much more easily than 
can atoms of U8, Therefore U5, instead of 
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U**8, is used in producing a chain reaction 
to set free atomic energy. When an atom 
of U?* is split, several neutrons are set free 
(illustration, A, p. 301). These neutrons be- 
come atomic bullets. Each is capable of 
splitting another U?*? atom if it should hap- 
pen to strike its nucleus squarely. In doing 
so, it sets free more neutron bullets. The 
more neutrons set free by such collisions, 
the more hits; and the more hits, the more 
neutrons set free. Thus a chain reaction is 
set up (illustration, B, p. 301). It releases 
unbelievable numbers of neutrons and, at 
the same time, unbelievable quantities of 
energy. 

The entire chain reaction takes place in 
about one millionth of a second. When the 
chain reaction is properly controlled, there- 
fore, this energy can be released as a single 
explosion, such as that of an atomic bomb. 


MAN-MADE ELEMENTS - Plutonium! is a 
less expensive source of atomic energy than 
U, Plutonium is one of the man-made, 
or artificial, elements. It is made in a com- 
plex structure called an atomic pile? In 
this device neutrons are slowed down before 
being used to bombard U?** atoms. One 
of these slower neutrons, upon striking a 
uranium atom, enters it. The artificial ele- 
ment neptunium? is formed first, but it 
changes almost at once into plutonium. 

As has been indicated,‘ scientists have al- 
ready created four other new elements? be- 
sides neptunium and plutonium. It is likely 
that they will create still others. 


*Plutonium (ploo to'nt tim). 

"Also known as a nuclear (nü'kle čr) reactor (ré Ák'- 
tér). 

5Neptunium (nép tü'nf tim), 

‘Page 285, col. 2. 

‘These artificial elements are americium (äm čr- 
ïsh’f tim), curium (kü'rt tim), berkelium (bûrk’ It tim) 
and californium (kál Y fórn'yüm). 


, 


NATURAL ELEMENTS MADE RADIO- 
ACTIVE ARTIFICIALLY - Scientists have al- 
ready produced radioactive isotopes of all 
the 92 natural elements. They have accom- 
plished this by bombarding the atoms of the 
clements with atomic bullets. 

Many workers are engaged in experiment- 
ing with these artificial radioactive elements 
in many scientific fields, including medicine, 
dentistry, and agriculture. They are also 
carrying on such investigations in industry. 
Many valuable discoveries have already 
been made. It is impossible to imagine all 
the benefits that will be gained from such 
discoveries. 


DANGERS FROM RADIOACTIVE MA- 
TERIALS - The dust that is formed in an 
atomic pile, as well as other waste materials 
from atomic fission, absorb atomic particles 
that are set free in the process. Thus these 
materials become radioactive. Their radio- 
activity may be great enough to menace the 
health, and even the lives, of the workers in 
the atomic plants. It is necessary, therefore, 
to get rid of these wastes. But how to do 
this effectively is a major problem. 

If buried directly in the ground, the 
wastes may make the water supplies of the 
locality too strongly radioactive for safe usc. 
If dumped into rivers, the wastes may make 
the water, and then the fish, radioactive. 
People could not safely either drink the 
water or eat the fish. If the wastes are 
burned, the parts that will burn form radio- 
active smoke and gases. The air would be- 
come radioactive from them and would be 
unsafe to breathe. 

At present no certain way of eliminat- 
ing the dangers from radioactive wastes is 
known. Recently, however, scientists have 
discovered how to produce, from unborn 
mice, a substance that, to some extent at 
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‘After a painting by Teniers, from Bettmann Archive 


The Alchemist. Can you think of another suitable title for this picture? 


o o 5 ——.— or erneut 


least, counteracts’ the effects of atomic radi- 
ations. It is hoped and expected that, before 
long, this and other important discoveries 


will enable scientists to provide more or less 
complete protection from the great dangers 


of such atomic radiations. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 992-296. 1. A truck 
full of gasoline, when moving along a high- 
way, has kinetic energy, but not potential 
energy. 

2. A bent bow has kinetic energy. 
3. Give an example of work and an- 
other of using energy, but doing no work. 


, ^ ; NUM 
1Counteract (koun tér Akt): to neutralize (nü'trál iz), 
or overcome, the effects of. 


4, State two results of friction. 

5. Few machines could operate if there 
were no friction in their parts. 

6. People roll barrels, instead of drag- 
ging them, in order to decrease the 

Pages 296-303. 7. Roentgen, Becquerel, 

the Curies, and Rutherford were pioneers 
in the science of --?--. 

8. Some, but not all, substances are 
naturally radioactive. 
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9. The atoms of naturally radioactive 
elements change into the atoms of other 
radioactive elements. 

10. In atomic fission the protons of certain 
radioactive atoms are broken up by being 
bombarded with neutrons. 

11. There are five different known forms 
of zinc, with the same number of protons 
in their atoms. All these are __?__ of zinc. 

12. A chain reaction is a means of re- 
leasing great quantities of __?__. 

13. A man-made element is (1) radium; 
(2) uranium; (3) plutonium; (4) lead; 
(5) zinc; (6) oxygen. 


SCIENTIFIC PRINCIPLES - 1. "Wherever 
work is being done, there is always friction. 


2. "There is less friction between rolling 
surfaces than between sliding surfaces. 


3. "The rougher the surfaces that move 


over each other, the greater is the friction, 
and vice versa. 

4. "The more the friction between moving 
surfaces, the more the force that is needed 
to produce motion, and vice versa. 

5. "Whenever there is friction, some of the 
energy of motion is changed to heat energy. 

6. "Whenever there is friction between 
moving surfaces, some of each surface is 
worn away. 


7. "Matter and energy can be changed 
from one form to another, but neither can 
ever be created or destroyed. 


SCIENTIFIC TERMS 


*energy Tpotential energy 
foot-pound radiant energy 
"friction radioactive 
{kinetic energy Twork 

*nucleus 


Applymg and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
1. Which of the scientific attitudes are in- 
dicated in the discussion of the alchemists? 
Explain. 

2. Which elements of scientific method 
are illustrated in the work of the Curies? 

3. A hypothesis is indicated in the first 
paragraph of section 2, p. 296. Can you 
find it? 


CONSUMER SCIENCE - 1. In the manual 
that is given to the buyer of a new auto- 
mobile is a warning against under-inflating 
or over-inflating the tires. How may the 
operating costs of a car be increased if this 
warning is not heeded? 


2. How may you, as a consumer, be af- 
fected if the use of radioactive material is 
not controlled by law? 

3. Perhaps you have seen advertisements 
of products that have the word atomic in 


their trade names. How may the use of 
such a word tend to mislead some people 
as to the value of the product? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. Work is being done on any body 
that has kinetic energy. Also, a body that 
has kinetic energy may do work on another 
body that it strikes. Can you explain these 
statements? 

2. Work is measured in foot-pounds. A 
foot-pound is just what the name indicates. 
It is 1 pound of force acting through 1 foot, 
as, for example, lifting a 1-pound book ver- 
tically 1 foot. 'The amount of work done in 
moving a body is therefore the amount of 
force exerted multiplied by the number of 
feet the object is moved. Therefore work 
— force X distance. If you push against a 
lawn-mower with a force of 40 pounds and 
move it 5 feet, you have done 200 foot- 
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A, sliding friction; B, rolling friction. Can you give an original example of each? 


pounds of work (40 x 5). How much work 
should you do in moving the lawn-mower 
8 feet? 


3. Considerable energy that is set free by 
atomic fission is changed to heat in an 
atomic pile. The pile is cooled by running 
cold water through pipes inside it. At the 
atomic-energy plant at Hanford, Washing- 
ton, the water is taken from the Columbia 
River. After it has served its purpose, the 
water, now at a high temperature, is al- 
lowed to flow back into the river. This hot 
water has sometimes raised the temperature 
of the river below Hanford several degrees. 
Is this heat energy useful or non-useful? 
Explain. In what other devices discussed 
earlier in this book is water used to absorb 
and carry away heat energy? 


4. What is meant by the statement 
“The ultimate source of all man's energy 
is the sun”? 

5. When classifying the kinds of energy, 
many scientists include mechanical’ energy 
as one kind. Mechanical energy includes 
both potential energy; which bodies have 
because of position or internal condition 
(illustration, p. 293), and the energy that 
moving bodies have. Chemical energy is 
considered to be a separate kind of energy. 
What changes would need to be made in 
the illustration on page 293 to represent 
mechanical ‘energy? 

6. It is common for scientists to consider 
that kinetic, energy includes much more 
than just the energy of moving objects. 

1Mechanical (mē kán"t kal). 
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They classify also as kinetic energy con- 
ducted and convected heat, and radiant 
heat and all other forms of radiant energy.! 
Why? Because motion is involved in each 
case. Can you state, for each case, what is 
in motion? 


7. A scientist recently stated, “A secretary 
who types steadily for 8 hours does as much 
work as if she carried 150 tons of coal 10 
feet up a flight of stairs." Explain. Would 
this amount of work be the same as that of 
carrying 10 tons of coal 150 feet up a flight 
ofstairs? Explain. 


8. If a car skids on a hard road, bits of 
rubber are scraped off the tires, and these 
bits act to some extent like small ball 
bearings, on which the car rolls forward, 
How is this statement related to safe driv- 
ing practices? 


TOPICS FOR INDIVIDUAL STUDY . 1. 
Prepare a report of Becquerel’s and the 
Curies’ discoveries, to be given in your 
science class or science club. You will find 
accounts of them in chemistry and physics 
textbooks and in encyclopedias. 


2. Scientists have invented another proc- 
ess for producing atomic energy, called 
“thermo-nuclear fusion.” In this process 
the atoms are combined to form larger 
atoms, instead of being broken down into 
atomic particles, as in atomic fission. This 
process makes possible the construction of 
hydrogen bombs and is believed to be a 
probable source of the sun’s energy. Ask 
your school librarian to help you to find 
materials on thermo-nuclear fusion. 


3. Probably the most famous of all the al- 
chemists was Cagliostro.? He was not a sin- 
cere scientist. He was more nearly a crimi- 
nal than even a quack. He claimed that he 
had actually succeeded in discovering how 


1Pages 89 and 175, 
*Cagliostro (kä lyós'tro): 


an Italian alchemist; 
lived, 1743-1795. 


to change lead to gold. By combining a 
little knowledge of chemistry with great 
skill in the tricks of a magician, he succeeded 
in making many people of high rank believe 
that he actually changed lead to gold be- 
fore their eyes. Find out what you can 
about Cagliostro in encyclopedias. From 
the facts that you find you can prepare an 
interesting theme, an article for your school 
paper, or a report to be given at a meeting 
of your science club. 


EXPERIMENT - How does the amount of 
work required to lift a body compare with 
that required to move it horizontally over 
a rough and over a smooth surface? With 
a piece of string attach to a spring balance 
a wooden block that weighs a pound or 
more. Lift the balance and the suspended 
block steadily upward. How much force, 
as indicated by the balance, is required to 
raise the block? Pull it slowly and steadily 
across a rough surface, such as a sheet of 
coarse sand-paper. How much force is 
required? Repeat with a smooth surface. 
Answer the question at the beginning of the 
experiment. How are your findings re- 
lated to the statement “A truck can pull 
more than it can carry"? Can you think of 
any exceptions to this statement? 


COMMUNITY APPLICATION OF SCI- 
ENCE - Studying the waste of energy. 
Suggest to your class-mates that for two 
weeks each of them keep a record of all the 
cases in which he observes that energy is 
being wasted. A report of these observa- 
tions will serve as the basis of a class dis- 
cussion of ways in which such waste can be 
reduced or eliminated. 


SCIENCE IN THE NEWS . Collect from 
newspapers and news magazines articles 
and pictures that deal with practical uses of 
atomic energy and radioactivity. Select 
the best ones and post them on the bulletin 
board in your science classroom. 


[306] 


A. To change one form 
of energy. into another. - 


e force somewhat 
‘irgreatly | 


C. To gain speed, or 
do work fast 


F. To do work evenly 
and accurately 


i 


E. To chan ction in which the force acts 


ge the dire 
Indicate at least two of the machines shown 


Purposes accomplished with machines. 
Explain how each machine accom- 


here that serve two or more of these purposes. 
plishes the purpose stated 
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DOING WORK WITH MACHINES 


1. What Purposes Are Served by the Various Types of Machines? 


WHAT IS A MACHINE? - Watching the 
workmen during the earlier stages of con- 
structing a large building is a popular pas- 
time. Usually passers-by stop in consider- 
able numbers to observe what is going on. 
Recently two of these "sidewalk superin- 
tendents” decided to see which could “pick 
out" the greater number of different ma- 


chines that were being used. Both listed 
cranes, air-compressors, power shovels, pile- 
drivers, and jack-hammers. One included 
also crowbars, hammers, and wheelbarrows. 
The other protested that such things were 
just tools, and not machines at all. But 
he was wrong. They were just as truly 
machines as were the complex ones that both 


All six types of simple machines except the lever. Can you think of another example 
of each of the types of machines shown here? 


Inclined plane 


had named. In fact, any implement or 
appliance is a machine if it accomplishes one 
or more of the purposes on page 307. 


SIMPLE MACHINES - *The different ma- 
chines now in use are beyond count. Yet all 
compound machines are combinations of 
two or more of just six types of simple ma- 
chines. These six types are the lever, the 
pulley, the wheel and axle, the inclined 
plane, the wedge, and the screw. All are il- 
lustrated on pages 308-312. Some of the 
machines illustrated on page 307 are made 
up of several or many simple machines. A 
highly complex machine, such as a great 
printing press, may contain more than a 
hundred thousand simple machines. 

Levers. The first machines that you 
ever used were levers. Moreover, you used 
them practically as soon as you were born. 
They were the bones with which you moved 
different parts of your body. 

A lever is a stiff bar or rod that rotates on 
a support, called a fulcrum.! The illustra- 
tion on this page shows one example of each 
of the three classes of levers. You will note 
that, with the seesaw, each child lifts the 
other in turn. The lighter one moves farther 
and faster than the heavier one. In the illus- 
tration the heavier child’s weight is the force, 
and the lighter child’s weight the resistance. 
Thus, when the lighter child is rising, the 
machine (the seesaw) is being used to gain 
distance and speed at the expense of force. 


1Fulcrum (fül'krüm). 


RERO I eee 


The three classes of levers. The class to which 
a lever belongs depends on which of the thrée 
factors the effort, the fulcrum, and the resist- 
ance (weight moved) is between the other two. 
Which is ‘tin the middle" in each class? 
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Resistance 


Fulcrum 


Fulcrum 


Third-class lever 


What advantage is gained from the use of each of these pulleys (illustration, p. 307)? 


But when the heavier child is rising, the 
opposite is true. Then the heavier child 
moves more slowly and not so far or so fast 
as the lighter one. Thus the machine is 
being used to gain force at the expense of 
distance and speed. 

*The seesaw illustrates two important 
principles that apply generally to machines: 
"When the force applied is less than the re- 
sistance, it moves faster and farther than the 
resistance. "When the force applied is 
greater than the resistance, it moves more 
slowly than the resistance and not so far. 

The two principles just stated will be ap- 
plied many times in the following pages. 

Pulley. *The pulley is a wheel over 
which a rope or a belt passes.! It is usually 
mounted in a block in such a way that it can 
rotate easily. 

A pulley may be either fixed or movable 
(illustration above). As the term indicates, 
a fixed pulley or a fixed pulley-block re- 
mains anchored to some object. A movable 
pulley or pulley-block moves along with the 
resistance. 

*PA fixed pulley merely changes the direc- 

*Page 315, “Applying Your Knowledge," No. 4. 


tion in which the force acts. The force and 
the resistance move equally far and equally 
fast (illustration, p. 308). Hence, with a 
fixed pulley, the force exerted would equal 
the resistance if there were no friction as the 
pulley turns. But, of course, there always 
is. Therefore, with a fixed pulley, "the force 
must always be somewhat greater than the 
resistance. 

*In contrast, "with a movable pulley the 
force moves twice as far and twice as fast 
as the load, or resistance. Thus, as the 
boat is moved, the boy must pull 2 feet of 
rope through the fixed pulley for every foot 
that the boat moves toward the water (illus- 
tration above). If there were no friction, 
the boy could pull 2 pounds of resistance for 
every pound of force that he would exert. 
But, of course, there is always friction in any 
pulley system. Nevertheless, "with a mov- 
able pulley, the force is always less than the 
resistance. 

*"The more movable pulleys in use, the 
smaller is the force as compared with the 
load that can be moved. Note the block- 
and-tackle system attached to the engine in 
the illustration on page 281. 
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If it were not for friction, as the 8 strands 
are shortened every 250-pound force ap- 
plied would lift 8 times as great a weight, 
or 1 ton. 

Wheel and axle, or windlass. With the 
windlass in the illustration on this page, the 
force exerted by the boy is much less than 
the weight of the bucket of water. His hands, 
however, move much farther than the 
bucket rises. Thus force is gained at the ex- 
pense of speed and distance. With one of 
the rapidly whirling carnival rides, however, 
the opposite is true. The force is applied by 
a powerful engine or electric motor to the 
axle. Asa result, the riders on the outside of 
the wheel move many feet while the force is 
moving a few inches. Thus speed and dis- 
tance are gained at the expense of force. 

The wheel of a wheel and axle is not al- 
ways complete. To illustrate, a crank, like 
a bicycle pedal or the wheel of the windlass, 
is only one revolving spoke. The handle 
bars of a bicycle are two spokes that never 
turn through a complete circle. 

Inclined plane. Probably the first in- 
clined plane ever used by man was a hillside 
up which he climbed. Familiar modern 
inclined planes are ramps and flights of 


stairs. An example of a ramp is the incline 
up which the piano is being moved (illus- 
tration, p. 308). Other examples are the 
gangplanks of boats, highways that lead up- 
hill, and the inclines, or ramps, that take 
the place of stairs in some railroad stations, 
garages, and ball parks. 

*An inclined plane substitutes a slope 
for a straight lift. Here are two common €x- 
periences that indicate the advantages 
gained from using inclined planes: An auto- 
mobile engine cannot drive a car straight 
up a steep mountain-side. But it can force 
the car up a sloping highway to the top, pro- 
vided that the highway is many times as long 
as the mountain is high. 

Climbing stairs or a ramp is easier than 
climbing a vertical ladder. In climbing 
stairs, however, you move about twice as far 
in lifting your body 1 foot as you would in 
lifting it the same distance by means of a 
ladder. You may walk several feet up a 
ramp with a gentle slope to lift your body 
1 foot. Thus, "with inclined planes, the 
force exerted is much less than the weight 
lifted, but it moves farther. 

Wedge. It is possible that the first wedge 
was a sharp-edged stone used to cut meat. 


Can you explain how these two wheels and axles accomplish different purposes 
(illustration, p. 307)? 


Wedges (the boat’s prow and the plow blades) and screws (the coal drill and the lamp 
socket). How many of the purposes served by machines do wedges serve (illustration, 
p.307)? do screws serve? Which does neither ever serve? 


Arrow points and spear-heads were among 
the early wedges that man used. 

*Wedges are inclined planes that are 
forced into objects to split them or pry them 
apart (illustration abovc). Hatchet heads, 
scissors blades, pins, and the cutting edges 
of chisels are common wedges. A wedge 
moves farther inward than the split parts 
are moved outward. But the prying force 
of the wedge is much greater than the force 
needed to drive it in. Therefore "a wedge 
multiplies the force at the expense of dis- 
tance. 

Screw. "A screw is a spiral! inclined 
plane—one that winds, or coils, upward or 


'Wpiral (spi rál). 


forward (illustration above). Probably the 
commonest screws are ordinary metal screws 
or threaded bolts. A continuous winding 
staircase in a tower or around an elevator 
well is also a screw. So also is an airplane 
propeller. It bores through the air, pulling 
the plane after it. 

*Forces can be increased tremendously 
with screws. For example, the lifting force 
of a screw used for raising houses from their 
foundations may be 200 times the effort, or 
acting force (illustration, p. 308). But the ef- 
fort travels more than 200 times as far as the 
weight is lifted. In general, more friction is 
caused by the action of a screw than by 
that of any other type of machine. 
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TYPE OF MACHINE DETERMINED BY 
USE - When you drive a chisel into wood, the 
chisel is being used as a wedge. But when 
you pry out pieces of wood with it, it is serv- 
ing as a lever. When you cut food with a 
knife blade, the knife blade is a wedge. But 
if you use it to pry off a bottle cap without 


rotating your hand, it is a lever. If, however, 
you rotate your hand in order to pry off the 
cap, you are using the knife blade as a 
wheel and axle. These examples illustrate 
a fact that is often overlooked: The type of 
simple machine that a tool is depends often 
on how the tool is used. 


2. What Are Some Further Important Aspects of Machines 
and Work? 


ARCHIMEDES’ LEVER - Archimedes! once 
said that if he were given a lever long enough 
and a place on which to rest it, he could 
move the earth. This may sound like a fool- 
ish statement. But it was not. It was merely 
Archimedes’ way of indicating his under- 
standing that levers can multiply forces 
greatly. He did not, however, state that his 
hand would need to move millions of miles for 
every inch that the earth moved. In other 
words, his statement indicated only one of 
the two aspects of mechanical advantage. 


MECHANICAL ADVANTAGE - The me- 
chanical advantage of a machine is either the 
gain in force or the gain in speed that the 
machine makes possible. Thus mechanical 
advantage enables us either to do heavier 
work with a machine or to do work faster 
than we could by hand. These two aspects 
of mechanical advantage, namely, the 
“force advantage” and the “speed advan- 
tage,” are illustrated respectively by groups 
D and C on page 307. 

*No machine can provide both a “force 
advantage” and a "speed advantage” at the 
same time. If it could, then more work 
would be got out of the machine than was 
put into it, and that would be impossible.? 


| Archimedes (är kï me'dez): noted Greck scientist and 
inventor; lived, 2872-212 B.C. ?Page 282, col. 2. 


EFFICIENCY - Not many centuries ago 
most of the work of the world was done by 
hand. Now there are numerous “work- 
savers,” or "labor-saving devices." Com- 
mon ones are automobiles and tractors; 
electrically driven washing machines, sew- 
ing machines, and vacuum sweepers; and 
pumps driven by gasoline motors. Such de- 
vices make work much easier and more 
pleasant. They substitute some other kind 
of energy for human energy. Also, they save 
people’s time. But they do not save any 
work. 

*PIf there were no friction, the total 
amount of work put into any machine 
would always exactly equal the amount of 
work got out of it. But, of course, there is 
always friction. Actually, therefore, "the 
amount of useful work got out of any ma- 
chine is less than the amount of work put 
into it. Furthermore, not all the work got 
out of a machine is useful work. For ex- 
ample, suppose that you need to get across 
a river and that the only way of getting 
there is to row yourself across in a boat. 
The work that you do with the oars in mov- 
ing the boat is actually useless. This extra 
work is the price you must pay in order to 
move yourself across. In this case, therefore, 
the efficiency of the machines (the oars) is 
low. By “efficiency” is meant the useful 
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^ + t; 
Gustav Anderson, from Ewing Galloway 


When doing such work as this, you develop only 
a small fraction of a horse-power. But when for 
a few seconds you run as fast as you can, you 
often develop more than 1 horse-power. Explain 


work accomplished as compared with the 
total work done in accomplishing it. Obvi- 
ously no machine could ever have perfect 
efficiency.! 


POWER - Horse-power is a common term. 
No doubt the family automobile has an 
engine of more than a 100 horse-power. The 


electric locomotive illustrated on page 319 
can develop 5000 horse-power. An electric 
washing machine probably is run by a 
“quarter-horse ( hp) motor." 

*Power is a measure of how fast work is 
done. Stated in another way, power is the 
rate of doing work. It is the amount of work 
done divided by the time required to do it. 
If you stroll up a flight of stairs, you do the 
same amount of work as if you “took the 
steps two at a time." The force that you 
exerted in moving your body times the dis- 
tance you lifted it was the same in both 
cases. But you would develop far more 
power by running than by walking because 
you would do the same amount of work in 
less time. 

*Watt? invented the term horse-power. At 
the time when he was making and market- 
ing his newly invented steam engines, most 
of the heavy work was done by horses. In 
order to sell his engines, he needed to give 
people an idea of how many horses one of 
his engines would replace. "Therefore he 
performed an experiment to find out how 
many foot-pounds of work a horse could do 
in a second. He found this number to be 
550 foot-pounds per second. This he called 
1 horse-power (hp). Only a very good horse, 
however, could do work at the rate of 1 
horse-power (illustration on this page). 

An engine can develop its full horse-power 
only when it is working at its top speed. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 307-313. 1. Give an 
example, original if you can, of each of the 
six types of simple machines. 


2. A wheelbarrow is an inclined plane. 
1Page 316, No. 8. 


3. It is easier to lift a heavy weight with 
a fixed pulley than with a movable pulley. 

4. The cutting edges of knives and scis- 
sors blades are (1) levers; (2) 


*James Watt: Scotch mechanical engineer and in- 
ventor; lived, 1736-1819. 


inclined 
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planes; (3) wheels and axles; (4) pulleys; 
(5) wedges; (6) screws. 

5. The type of simple machine that you 
would use in boring a hole in a board would 
bea =2? 4% 

6. The type of simple machine that you 
would use while climbing a steep path 
would be =+?-=% 

Pages 313-314. 7. It would be easier to 
lift a heavy bucket of water with a windlass 
that had a long handle than with one that 
had a shorter handle. 

8. Labor-saving appliances may save 
time, but they never reduce the actual 
amount of work that must be done. 

9. The faster you ride a bicycle, the more 
horse-power you must develop. 


SCIENTIFIC PRINCIPLES - 1. "There is 
always friction when any machine is in 
operation. 


2. "When the force applied is less than 
the resistance, it moves faster and farther 
than the resistance. 


3.?When the force applied is greater 
than the resistance, it moves more slowly 
than the resistance and not so far. 

4. PThe amount of work put into a ma- 
chine always exactly equals the amount of 
work done by the machine. 

5. "The amount of work put into a ma- 
chine is always greater than the amount of 
useful work got out of it. 


SCIENTIFIC TERMS 


complex machine tmechanical 
Tefficiency mechanical 
*force advantage 

fulcrum power 
Thorse-power simple machine 
*machine Twork 


Applymg and. Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
Can you state in one sentence the problem 
that was solved by the use of the windlass 
(illustration, p. 311)? 


CONSUMER SCIENCE - 1. How many 
labor-saving machines do you have in your 
home? What advantage or advantages are 
gained from the use of each? What dis- 
advantages accompany their use? 

2. List one or more ways in which the 
efficiency of any machine may be increased. 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1, Can you explain how a single 
fixed pulley is similar to a lever with equal 
arms, and how a wheel and axle is similar to 
a lever with unequal arms? 

2. Can you explain how all the six types 
of simple machines might be considered to 


be of only two types, levers and inclined 
planes? 

3.Can you illustrate with a garden 
spade and with a hatchet the sentence on 
page 313, column 2 (top of page), "These 
examples illustrate . . 2 

4. Belts transfer energy from one revolv- 
ing wheel to another (illustration, p. 316). 
Also, they can be made to gain force at the 
expense of speed or to gain speed at the 
expense of force. Furthermore, belts can 
change the direction of rotation. Gears can 
perform all these functions, too.. In addition, 
they can accomplish some purposes that 
belts cannot accomplish. Can you tell 
from the illustration on page 316 what 
these purposes are? 

5. List examples of the various classes of 
levers, other than those found in the text. 
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6. Where is a door-stop, or door-wedge, 
likely to be more effective, near the hinges 
or farther from the hinges? Explain. 


Which of the purposes served by machines are 
served by each pair of pulleys? by each pair 
of gears? by the gear chain? Which of these 


pulley-and-belt combinations is most nearly 
like the chain drive of a bicycle (illustration, 
p. 307)? 


7. Would Aristotle’s lever provide a 
force advantage or a speed advantage? 
Explain. 


8. The efficiency of any machine is 
found by dividing the useful work accom- 
plished with it by all the work put into it. 
Efficiency is expressed in percentage. To 
ilustrate, suppose that the actual force 
needed to move the boat illustrated on 
page 310 is 150 pounds. In moving it 50 
feet, the boys would do 7500 foot-pounds of 
useful work (50 x 150). But they would 
need to exert 100 pounds of force because 
of the friction in the pulley system and be- 
tween the boat and the rollers. They would 
therefore be putting into the pulley system 
10,000 foot-pounds of work (100 x 100). 
(Remember that 2 feet of rope would have 
to pass through the fixed pulley for every 
foot that the boat moved toward the water.) 
The efficiency of the pulley system would 
therefore be 46:955 = 75 per cent. 

If the boy can lift a 45-pound bucket of 
water 1 foot by exerting 30 pounds of force 
while his hands are moving 3 feet (illustra- 
tion, A, p. 311), what is the efficiency of the 
windlass? 


TOPICS FOR INDIVIDUAL STUDY . 1. 
The brakes of an automobile exert a much 
greater force on the brake drums than your 
foot does on the brake pedal. Examine a 
manual that comes with an automobile or 
consult a textbook of physics to find out how 
the force of your foot is multiplied. What 
types of machines are found in the braking 
system? Report your findings to your 
Science class or club. 


2. Scientists use the terms real mechanical 
advantage and ideal mechanical advantage. A 
discussion of the difference between the two 
advantages and how they are computed 
would make an interesting program num- 
ber for your science club. Consult text- 
books of physics to find the difference. 
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EXPERIMENT - How many horse-power 
can you develop in using a flight of stairs 
as a machine for lifting yourself? Measure 
the vertical height of a step of the stairs. 
Multiply this height by the number of 
stairs between two floors. The product is 
the vertical distance through which you 
must lift yourself in going from one floor to 
the floor above. Multiply your weight by 
the number of feet between the two floors 
to find how many foot-pounds of work 
would be required to lift you to the floor 
above. At a signal walk slowly up the 
stairs to the floor above, meanwhile having 
a class-mate time you as accurately as he 
can with a watch. How many foot-pounds 
of work per second did you do? How many 
horse-power did you develop?! Repeat, 
walking rapidly up the stairs. Do not run. 
How does the horse-power that you develop 


1Page 314. 


now compare with that developed the other 
time? How many horse-power do you 
think that you could develop by running 
up the stairs? Find out. 


WHY NOT BECOME A SCIENTIST? - 1. 
Where are simple machines used in your 
home? Find as many simple machines as 
you can in all the rooms of your house. 
Make a list of them. Can you classify these 
machines by stating in which of the six 
classes each belongs? 

2. What machines are used in carrying 
on some extensive project such as digging a 
basement or building a house? Visit a spot 
where such a project is being carried on. 
List the various machines that you see in 
use. How many are simple machines? 
Can you classify them? 


PANEL DISCUSSION - Topic: The most 
important simple machine is the lever. 


NEED ee —— 


What machine is being used here? What evidence is there that work 
is being done? 


Press Association 


"Philip Gendreau 


What questions that involve topics or terms discussed in Unit Eight are suggested 
to you by this illustration? Perhaps two such questions might be “In this picture 
is there evidence of kinetic energy? of potential energy?” 
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ELECTRICITY 
IN OUR CIVILIZATION 


Great Northern Railway 


*Lightning is electricity. Scientists know that electricity and magnetism are clos 


related forms of energy. State several questions that you hope will be answered in 


this chapter 
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MAGNETISM 


AND ELECTRICAL CHARGES 


1. What Are Some Important Properties of Magnets? 


MEDICINE OR MAGNETISM? - Fifty years 
or more ago the traveling medicine show 
was a common and popular form of amuse- 
ment. In many small towns people looked 
forward with pleasure to its coming. But 
the purpose of the medicine show was not 
to provide entertainment. It was to sell 
“cures,” “remedies,” “elixirs,” or “potions.” 

Sometimes tricks were played on the audi- 
ence to increase sales. A famous one con- 
sisted of inviting anybody from the audience 
who cared to do so to come upon the stage 
and try to lift a trunk. A powerful man 
would tug vigorously at the trunk without 
success. He would find himself unable to 
raise even a corner of it. Then he would be 
given a gulp of “Old Sachem’s Magic Re- 
viver” or something equally powerful. Be- 
hold the results! On the very next trial he 
would be able to raise the trunk with reason- 
able ease! 

How was the trick performed? The trunk 
was made with an iron bottom. It was 
placed directly over a strong magnet that 
had been installed under the stage. This 
magnet was operated with an clectric cur- 
rent in the way that will be explained later. 
A switch out of sight of the audience con- 
trolled the current. Turning on the current 
added the pull of the magnet to the weight 
of the trunk. Turning off the current clim- 
inated the pull of the magnet. The trunk 


alone was not too heavy for a strong man to 
lift. 

Such a trick would not fool many people 
today. Magnets have become far too com- 
mon in our daily lives. 


MAGNETISM AND MAGNETS - The exact 
nature of magnetism! is not yet known. 
But scientists have discovered its character- 
istics and have invented innumerable ways 
of using magnets. 

*A magnet is a body that strongly at- 
tracts iron and steel. Also, a magnet 
attracts, to some extent, two other metals, 
nickel and cobalt,? as well as certain alloys.’ 
There are both natural magnets and arti- 
ficial magnets. There are also electromag- 
nets! which derive their magnetism from 
electric currents. The magnet that was used 
in the medicine show was an electromagnet. 

Natural magnets. Natural magnets are 
pieces of a certain rusty-brown or black 
mineral compound,’ commonly called mag- 
netic oxide of iron or loadstone (illustration, 
pr 322): Loadstone® now has little impor- 
tance except as an ore from which iron can 
be obtained. 

1 Magnetism (mag’né tizm). 

2Cobalt (ko'bólt). 3Page 272, ftnt. 4. 


4*Electromagnet (€ lék tro mag’nét). 


5Page 62, ftnt. 2. 
sEoadstone (lod'ston). The scientific name for it is 
magnetite (mág'n& tit). Its chemical formula is FesO4. 
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A Science Service 


Artificial magnets. *Artificial magnets 
are manufactured in various forms, but 
they are commonly bar-shaped or horseshoe- 
shaped, They are usually made of special 
steel alloys that have unusual magnetic 
properties. These alloys are made by melt- 
ing together iron, carbon, and small quanti- 
ties of one or two other metals besides iron.! 

*Artificial magnets are either temporary 
or permanent magnets. "Temporary mag- 
nets are casily magnetized, and as easily 
demagnetized.? Such magnets are com- 
monly made of soft iron, but the best ones 
are made of a magnetic steel alloy. Perma- 
nent magnets are not easily magnetized, but 
they retain their magnetism to a great ex- 
tent. One magnetic alloy can be more 
strongly magnetized than any other known 
substance, even hard steel. A magnet made 
from this alloy will lift about fifty times its 
own weight of iron or stecl. Such magnets 
have important uses in industry. 

Jarring a magnet or heating it red hot 
causes it to lose most of its magnetism. 


YThese other metals are chiefly nickel, cobalt, 
tungsten, and chromium (kromt tim). 

*Demagnetize (dé mag'né tiz): to cause a magnet 
to lose most of its magnetism, 


B 
A, a small piece of loadstone; B, Magnes and the loadstone. Topic for Individual 
Study: The history of loadstone. (Consult an encyclopedia) 


———————————————————————————————————————————e 


MAGNETIC POLES, MAGNETIC LINES, 
AND MAGNETIC FIELDS - An excellent way 
to learn about magnets is to experiment with 
them. How many poles, or places where the 
magnetic force is concentrated, does a bar 
magnet have? Where are these poles lo- 
cated? Pour iron filings on a sheet of paper 
and rub a bar magnet in the filings. Do the 
filings collect evenly along the magnet, or 
mostly near the two ends? You will find 
that they do the latter. Near the ends of 
the magnet, where the filings are thickest, 
are the magnet's poles. 

With occasional exceptions, magnets al- 
ways have two poles. No magnet ever has 
just one, but it may have three or even more. 
Observe the way in which the iron filings 
are arranged at the poles. You will note 
that they string out from the poles in all 
directions in lines that tend to curve. The 
filings are following the magnetic lines of 
force (illustration, p. 323). These lines 
curve between the magnetic poles. Every 
magnet is completely surrounded by invisi- 
ble lines of force. All the magnetic lines of 
force together make up the magnetic field 
of the magnet. 
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MAGNETIC ATTRACTION AND REPUL- 
SION - What will a magnet do if it is free to 
turn in all directions? Tie a string around 
the middle of a bar magnet. Suspend the 
magnet so that it can turn freely. Note the 
position in which it comes to rest. Move it 
out of this position and see whether it swings 
back, so that it points in the same direction 
as before. You will find that it always does. 
It always comes to rest in a general north- 
and-south position, and always with the same 
pole toward the north. 

Such a suspended bar magnet acts like a 
compass needle. About eight hundred years 
ago crude compass needles were made of 
loadstone. Now, however, a compass needle 
is a small bar magnet balanced on a pivot.’ 

Bring a compass needle near each pole of 
the suspended magnet in turn. You will 
observe that the north-seeking pole, or 
N-pole, of the compass needle turns away 
from the N-pole of the suspended magnet 
and toward its S-pole, or south-seeking pole. 
You will observe, too, that the S-pole of the 
compass turns away from the S-pole of the 
suspended magnet and toward its N-pole. 

*These observations indicate this princi- 
ple: PUnlike magnetic poles attract each 
other, and like poles repel’ each other. This 
principle is known as the law of magnets. 
The operation of most electric devices and 
machines depends on this principle. 


MAKING A MAGNET - *By rubbing iron 
with a magnet. It is easy to magnetize a 
steel object, such as a big sewing needle, by 
using a bar or a horseshoe magnet. To 
succeed, you must slide the same pole of the 
magnet along the needle, always in the same 


1Pivot (piv'üt); a point upon which something 
turns. Y 

?Repel (rë pel’): to force away or apart. Repulsion 

(ré pül'shün): the act of repelling, or pushing away. 
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direction. After you have done this several 
times, dip the end of the needle into iron 
filings or hold it near a compass needle. 
You will find that the needle is a magnet. 

By induction. Magnetic lines of force 
pass more readily through iron than through 
air. As they pass through iron, they magne- 
tize it. Thus, when you dip a magnet into 
iron filings, the filings stick to it or to other 
filings. Why? Because the magnetic lines of 
force of the magnet pass through each tiny 
bit of iron and magnetize it. Each filing 
then has a north pole and a south pole. 
Each of its poles is attracted by the opposite 
pole of another magnetized filing and is 
repelled by the same pole. The filings tend 
to extend along the magnetic lines of force 
of the magnet. 

*Magnetizing iron by bringing it near a 
magnet or by causing it to touch a magnet 
is magnetizing it by induction? The filings 
were magnetized by induction. So is the 
lower paper clip in illustration 4 on page. 
322. So, also, was the iron bottom of the 
trunk used in the medicine show.* 

A piece of iron that is magnetized by in- 
duction is only a temporary magnet. If 
removed from the vicinity of the magnet, it 
immediately loses most of its magnetism. 


3Induction (In dük'shün). 
4Page 321. 
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Iron filings sprinkled on a sheet of paper above 
a bar magnet to indicate the magnet's magnetic 
field. How would you describe this mag- 
netic field? 


Selence Service 


B American Petroleum Institute 


A, where the earth’s south magnetic pole is located. Why must this be a south mag- 
netic pole? The needle of a compass placed anywhere on the heavy line will point 
directly north and south.! How do the needles of compasses east or west of the 
line point? B, making a magnetic survey. The instrument? below the plane indi- 
cates the intensity and directions of magnetic forces 


'This imaginary line is called the Zine of no declination (dék If na’shtin) or the agonic 


(à gón'Ik) line. 


Magnetic induction is one of the most im- 
portant aspects of science. You will find 
many practical uses of induction described 
in later sections of this book. 


THE EARTH, A MAGNET - If a piece of 
unmagnetized iron is left for some time on 
the ground, it becomes a weak magnet. If 
you bring household scissors near a compass, 


2A magnetometer (mag në tóm'e tër). 


you will probably find that the scissors are 
slightly magnetized. Why, in each case? 
Because the earth is itself a magnet. The 
piece of iron on the ground and the scissors 
have become magnetized by induction from 
the earth's magnetic lines of force. 

"The earth has two magnetic poles. Com- 
pass needles extend north and south because 
each of their poles is attracted or repelled 
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by one or the other of the earth’s magnetic 
poles (illustration, p. 324). This fact illus- 
trates the principle already stated PLike 
poles repel each other, and unlike poles 
attract each other. 

As the illustration shows, the earth’s mag- 
netic poles are not located at the geograph- 


2. What Are Some Important 


STATIC ELECTRICITY - Sometimes, in 
dry, cold weather, you can get a small shock 
by scuffing your feet over a woolen rug and 
then touching a radiator or a light switch. The 
shock is caused by the jumping of a charge 
of static! electricity between your hand and 
the metal. You may be able to hear the faint 
click that the spark makes. In dry, cold 
weather, too, you often produce tiny sparks 
of static electricity when you comb your hair. 
In the dark the sparks can often be seen. 


HOW BODIES CAN BECOME CHARGED - 
By friction. *Static electricity results from 
friction,? when one object rubs against an- 
other. The energy of motion is changed to 
electrical energy. Always a negative, or 
minus (—), charge is produced on one of the 
objects, and an equal positive, or plus (+), 
charge on the other. Often, however, the 
electrical charges thus produced are too 
small to be detected. 

An experiment will illustrate some im- 
portant principles of static electricity. If 
you rub a hard-rubber fountain pen on your 
woolen coat or sweater sleeve, the pen be- 
comes negatively (—) charged? (illustration, 
p. 326). Atthe same time the woolen cloth 


1Static (stt ^k). ?Page 90, col. 1, def. 

3Experiments with static electricity are not likely 
to be successful except in cold, dry weather. In 
humid weather the water vapor in the air neutralizes 
charged bodies by causing their plus charges and 
minus charges to become equal. 


ical poles. Therefore, in most localities, a 
compass needle does not point true north 
and south. For this reason, in modern navi- 
gation, the gyro-compass and the radio com- 
pass, which are not affected by the earth’s 
magnetic field, are used instead of the mag- 
netic compass. 


Properties of Static Electricity? 


becomes positively (+) charged. An expla- 
nation of these facts is this: 

Charges explained. *Normally, bodies are 
neutral! One theory that has been sug- 
gested to explain this fact is that the atoms 
of neutral bodies are neutral, or uncharged. 
They have equal numbers of plus-charged 
protons and minus-charged electrons? The 
protons are within the nucleus and hence 
cannot be removed from an atom by ordi- 
nary means. The electrons, however, are 
circling around the nucleus. Consequently 
they can be knocked off or rubbed off. Also, 
they may pass from atom to atom in a body 
and from one body to another. 

*Electrons travel readily through metals, 
flesh, moist soil, and many other substances. 
Such substances are called conductors of 
electricity. Electrons do not travel through, 
and do not travel readily on, wax, rubber, 
wool, glass, and silk. Such substances are 
called non-conductors or insulators. PElec- 
trical charges remain on the surfaces of 
charged bodies. When, therefore, hard 
rubber and wool are rubbed together, some 
electrons are rubbed off the wool and are 
added to those already on the rubber. The 
loss of the negative charges leaves the wool 
positively charged. The gain in nega- 
tive charges makes the rubber negatively 
charged. 


‘Neutral (nü'trál): neither positively nor negatively 
charged. 5Pages 284 and 285. 
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By contact with, or by touching, a 
charged body. Charge a hard-rubber 
fountain pen by rubbing it on a woolen 
cloth. Bring it close to some chalk dust. 
Many flakes of chalk dust will fly to the pen. 
Then, almost instantly, some that have done 
so will jump off. This experiment is ex- 
plained thus: 

The bits of chalk were at first neutral. 
They were attracted to the charged pen 
strongly enough so that they jumped to it. 
Their doing so illustrated the principle 
"Charged bodies attract uncharged bodies. 
Such phenomena! occur just as readily with 
neutral and plus-charged bodies as with 
neutral and minus-charged bodies. Thus 
uncharged bits of chalk would be attracted 


1Page 90, ftnt. 6. 


A hard-rubber fountain pen or comb is charged 

negatively if you rub it vigorously on a woolen 

cloth. Can you explain the rest of the figure? 

If the positively charged cork touches the pen, 
it will become negatively charged. Why? 


Negatively 
charged Positively 
bit of cork charged 
repelled bit of cork 


attracted 


a Negatively 
$ charged 
^e hard rubber \ 
Me \ 


by a plus-charged body in the same way 
as that just described. 

*Charging a neutral body thus, by making 
it touch a charged body, is known as charg- 
ing by contact? or charging by conduction. 
If the charging body is negative, some minus 
charges, or electrons, pass from it onto the 
neutral body. If the charging body is posi- 
tive, some of the electrons from the neutral 
body pass onto it. 

*The bits of chalk dust that jumped off 
the negative pen did so because they became 
so strongly charged negatively that they 
were repelled from it. Their doing so illus- 
trated the principle "Like charges repel 
each other, and opposite charges attract 
each other. 

If the attraction between a plus-charged 
body and a minus-charged body is strong 
enough, electrons jump from the minus- 
charged body to the plus-charged one. Thus 
both bodies can become neutral. Great 
numbers of electrons jumping together at 
the same instant produce an electric spark. 


A COMPARISON (SUMMARY) > "Static 
electricity and magnetism are not the same. 
Neither an N-pole nor an S-pole ever exists 
alone, but a plus-charged or a minus- 
charged body commonly does. Only a few 
metals and alloys can be strongly magne- 
tized, but every sort of material can, under 
proper conditions, be electrified.’ Magne- 
tsm is all through a magnet, but static 
electrical charges are only on the surfaces of 
charged bodies. Magnetism cannot move 
along a conductor, but clectrical charges 
can. For both magnetism and clectrical 
charges the principle of attraction and re- 
pulsion is essentially the same:  PLike poles 


"Contact. (kón't&kt). 
*Electrify (eWk'trifi): to charge with electricity 
or to provide with electric current. 
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Particles of soot and ashes can be removed from the combustion products in factory 
chimneys by means of static electricity. In one process particles become charged as 
they pass an electrified wire on their way up the chimney. They are then attracted 
to plates electrified with the opposite charge. Air can be freed from dust by a 
similar process. Can you state a principle that is applied in this process? 


or like charges repel, and unlike poles or un- 
like charges attract, each other. 


LIGHTNING - Its chief characteristics. 
Scientists have invented several theories to 
explain how lightning is caused. But none 
of these is completely satisfactory. Scien- 
tists know, however, that lightning is the 
jumping of a gigantic charge of static elec- 
tricity (illustration, p. 320). It is the same 
as the sparks that pass between your comb 
and your hair, except that it is vastly larger. 

Storm clouds! may become charged either 
positively or negatively. So can different 
parts of the same cloud. Usually lightning 


1Pages 141, il., and 153. 


leaps from one part of a cloud to another or 
from cloud to cloud. But it may jump in 
either direction between a cloud and the 
ground. 

The flash that we see is not the electricity 
itself. What we sce are masses of incandes- 
cent molecules of air. They may be heated 
to a temperature of 30,000? C by the passage 
oflightning. Lightning has been estimated 
to travel at speeds of nearly 125 miles per 
second. As a lightning bolt passes through 
the air, it makes a spark channel, or “hole 
in the air," an inch or less in diameter. The 
heat of the spark causes this channel to ex- 
pand with explosive violence.” Air waves 

?Page 320, il. 
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Metal plates———— ^ 


After reading the explanation on this page, can you explain this illustration? What changes 
would need to be made in the illustration if the clouds were positively charged? 


are thus produced that cause loud noises. 
These noises and their echoes from cloud 
surfaces are the thunder. 

Protection against it. Thunder is un- 
pleasant, but harmless. Lightning is danger- 
ous. Often it starts fires and otherwise 
damages or destroys trees and buildings. 
Occasionally it kills somebody. Automobile 
accidents, however, cause more than a 
hundred times as many deaths per year as 
does lightning. 

*Benjamin Franklin! invented the light- 
ning rod to provide. protection against 
lightning. Lightning rods are not needed in 
cities. There the tall steel buildings, with 
their foundations deep in the moist soil, 
serve as great lightning rods. So also do the 
pipes which extend through the roofs of 
houses and are connected with the ground 
through the plumbing and the sewer pipes. 
In thinly settled localities, however, light- 
ning rods prevent much destruction. 

*"The higher an object is, the more likely 
it is to be struck by lightning (illustration 


‘American scientist and statesman; lived, 1706- 
1790. 


above).? For this reason, lightning rods are 
made to extend above the tops of buildings. 
If then a bolt of lightning leaps from a cloud 
to the earth, it is more likely to strike a 
lightning rod than the building that the rod 
protects. The charge is conducted harm- 
lessly along the rod and into the ground. 
The chief function of a lightning rod, how- 
ever, is not to receive and conduct lightning 
away from buildings that otherwise would 
probably have been struck. Instead it is to 
reduce the chances that any lightning bolts 
will strike. How this function is performed 
will be explained in the following para- 
graph: 

The ends of lightning rods are usually 
pointed, for two reasons: "The pointed 
parts of charged bodies have the strongest 
charges. PAn electrified object loses its 
charge rapidly from a point. When, there- 
fore, a cloud passes above a lightning rod, 
the rod becomes electrified with the opposite 
charge from that on the cloud. This fact 
illustrates the principle "Like charges repel 
each other, and unlike charges attract each 


?Page 331, “Topic for Individual Study.” 
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other. In the situation illustrated on page 
328, electrons on the lightning rods are re- 
pelled by those in the cloud. Therefore they 
pass from the rods into the ground. Con- 
sequently the tops of the rods are strongly 
charged positively. Electrons then pass from 
the charged cloud into the air and from the 
air into the lightning rods. But if the cloud 
were positively charged, electrons in count- 
less numbers would be attracted from the 
earth to the points of the lightning rods. 
They would then stream quietly out of the 
points and would tend to neutralize the cloud. 
In cither case, the charge on the cloud might 
be reduced enough so that there would be 
either no lightning bolt or a weaker, less 
dangerous one (illustration, right). 

Its values. Great quantities of electrical 
energy are constantly escaping from all areas 
of the earth where there is fair weather. 
Lightning restores this electrical energy. 
Also, lightning causes nitric acid to be 
formed from the nitrogen and oxygen of the 
air and the water of falling rain. This ni- 
tric acid produces chemical compounds that 
enrich the soil. 


STATIC ELECTRICITY AND DRY CLEAN- 
ING - When a person cleans leather gloves, 
he usually first puts the gloves on. Then he 
rubs the soiled spots as he washes his gloved 
hands in a cleaning fluid. Some static elec- 
tricity is produced by the friction. Some 
static electricity is likewise produced when- 
ever spots on clothing are rubbed with a 
cloth moistened with a cleaning fluid. If 
the cleaning fluid is inflammable, a spark 
of the static electricity may ignite it. The 
risk of being badly burned while dry-clean- 
ing leather gloves and cloth, especially silk 
cloth, if gasoline or other inflammable clean- 
ing fluid is used, is therefore great.! 
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Go indoors and remain there 


Don't seek shelter under a tree that stands by itself 


Safety rules to follow during a lightning storm. 
Can you give a reason supporting each rule? 
Can you explain also these additional safety 

rules? During lightning storms keep away from 

hill-tops and level fields. Avoid standing 
in front of an open fireplace 
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Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 321-325. 1. If you 
hold a piece of metal near a steel nail and 
the metal attracts the nail, then you know 
that the metal is electrified. 

2. The strongest magnets are made of 
alloys of - -?- - and one or more other metals. 

3. If you want a magnet that will remain 
magnetized under rough treatment, you 
will choose one made of soft iron. 

4. 'The poles of a bar magnet or a horse- 
shoe magnet are near the middle of the 
magnet. 

5. The nearer a compass needle is brought 
to the earth's magnetic pole in Canada, the 
more likely it is to point directly north and 
south. 

6. A north magnetic pole attracts a 
--?.. magnetic pole, and vice versa. 

7. If you hold a steel knife blade near a 
magnet, the knife blade becomes a magnet 
by induction. 

8. The north pole of a compass will 
point north when it is at the earth's geograph- 
ical north pole. 

Pages 325-329. 9.If there were no 
friction between the comb and your hair, 
only a little static electricity would be pro- 
duced when you comb your hair. 


10. If the atoms of a body lose electrons, 
then the body has a plus charge of static 


'electricity. 


11. A body is charged positively if it 
gains protons. 

12. State four ways in which magnetism 
and static electricity are different. 

13. State five ways of reducing the 
chances that one may be struck by light- 
ning. 


SCIENTIFIC PRINCIPLES - 1. "Energy can 
be changed from one kind to another, but 
can neither be created nor destroyed. 

2. "Like magnetic poles repel each other, 
and unlike magnetic poles attract each other. 

3."Like charges repel each other, and 
unlike charges attract each other. 

4."Bodies become negatively charged 
by gaining electrons, and they become 
positively charged by losing electrons. 


SCIENTIFIC TERMS 


Tattraction tmagnetism 
charged body Tmagnetize 
"compass neutral body 
electrified body *pole 
*magnet [repulsion 


[magnetic field 


Applymg and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 1. If 
you should break a bar magnet in two, you 
would not demagnetize it. Instead you 
would have two shorter magnets in place of 
the longer one. Each piece would have a 
north pole at one end and a south pole at 
the other. If you should then break one of 
the smaller magnets, you would have two 
still smaller ones. Suppose that you should 


continue to break a magnet into shorter and 
shorter pieces. Every piece, no matter how 
small, would be a magnet. Scientists have 
proposed both a molecular theory and an 
atomic theory to account for these facts. 
Consult textbooks of physics to find out 
what these theories are. 

2. The experiment on page 323 includes 
a check experiment. Can you identify it? 
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3. Nearly every month, in certain maga- 
zines, are found advertisements for "Lucky 
Loadstones.” These loadstones are claimed 
to bring good luck and to repel bad luck. 
Which of the scientific attitudes do both the 
seller and the buyer lack? 

4, “Lightning never strikes the same spot 
twice," said Bill. 

"You're wrong," said Jack. “I’ve read 
that the Empire State Building is struck 
about fifty times a year and that sequoia 
trees in California are struck again and 
again." 

“I don't care what you read. I still don't 
believe that lightning can hit the same object 
twice," said Bob. 


What scientific attitudes are indicated in 
this conversation? 


CONSUMER SCIENCE - 1. In what ways 
may a magnetized screw-driver save you 
time and effort in making repairs? 

2. Why does a watch whose parts are 
made of brass keep better time, usually, 
than one whose parts are made of steel? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. A compass needle will be pulled 
out of its usual north-and-south position if 
it is brought near steel objects, such as an 
automobile, a steel-framed building, or a 
steel bridge. Why? 

2. Can you suggest what effect a deposit 
of loadstone would have upon a magnetic 
compass? 

3. If a glass rod is rubbed with a silk 
cloth, some electrons are transferred from 
the glass to the silk. Which, then, the glass 
or the silk, would be plus, and which 
minus? Why? 

4.In flour mills and in other manu- 
factories where fine dust particles may be 
in the air, workers are required to wear 
rubber-soled shoes. Why?! 


Pages 105, il., and 325, col. 1. 


United States Forest Service 


A Forest Service engineer using a magnetic com- 
pass on a Jacob's staff to locate a line for a truck 
trail. Can you state other practical uses of 
magnetic compasses? 


5. Why is it more difficult to charge a 
metal fountain pen by friction than one 
made of hard rubber? 


TOPIC FOR INDIVIDUAL STUDY - There 
are several types of lightning discharges. 
These include "cold bolts,” “hot bolts," 
St. Elmo's fire, and ball lightning. Look 
in encyclopedias and books on weather 
phenomena for material on types of light- 
ning discharges. Present this material in a 
report to your class or your science club. 


EXPERIMENT - Is the strength of a mag- 
netic field affected by covering it with var- 
ious materials? Cover a bar magnet in 
turn with a sheet of glass, a thick block of 
wood, a thin board, a sheet of iron, and a 
sheet of some other metal. Each time hold 
a compass at the same distance above one 
pole of the magnet. Answer with one or 
more complete statements the question at 
the beginning of this experiment. 
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Electricity is used to provide amusement, light, transportation, and heat. Can you 
identify each of these uses in these drawings? In how many ways do you use elec- 
tricity in your home? in your school? Can you think of other uses of electrical 
energy? Why not try your hand at illustrating them with drawings such as these for 
a bulletin-board display? 
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ELECTRIC CURRENTS 


1. What Are Electric Currents, and What Conditions 
Affect Their Flow? 


BEFORE THE "ELECTRICAL AGE” - If you 
should read an advertisement announcing a 
"Lecture on Magnetic and Electrical Phe- 
nomena, with Experiments,” should you be 
eager to attend? Probably not. But less 
than a century and a half ago, noted scien- 
tists presented such lectures on extensive 
tours. Large audiences of well-educated 
people attended. The experiments per- 
formed were probably some of the same ones 
that are suggested in the preceding chapter 
and in this. They would be too simple to be 
presented in a scientific lecture now. But 
they were not then. In those days electricity 
was still largely a novelty. 


THE RELATION OF STATIC ELECTRIC- 
ITY TO CURRENT ELECTRICITY Static 
charges of electricity are, of course, different 
from currents of electricity. But the elec- 
tricity itself is the same in both cases. A 
static charge results when a body has too 
many or too few electrons to be neutral. 
The electrons tend to remain at rest on the 
surfaces of charged non-conductors.’ In 
contrast, an electric current is a constant 
flow of electrons through a conductor. 

Much of the world's technical progress 
has been made since scientists learned how 
to produce and control electric. currents 
(illustration, p. 332). 


1Page 325, col. 2. ?Page 296, ftnt. 5. 


FACTORS NECESSARY TO THE FLOW OF 
ELECTRIC CURRENTS - Conductors. As 
was stated earlier,’ metals are conductors of 
electrons, and rubber and glass are non- 
conductors, or insulators. Silver is the best 
conductor known, but copper and alumi- 
num serve all ordinary purposes well. Other 
practical insulators, besides those shown in 
the illustration on page 334, are plastics, 
sulfur, paraffin, shellac, and dry air. PA 
good insulator is a poor conductor, and vice 
versa. 

Electric wires are covered with insulating 
materials, such as cotton, silk thread, rub- 
ber, enamel, and plastic, to prevent short 
circuits. A short circuit results when a bare 
wire carrying a current touches some other 
good conductor. Short circuits will be dis- 
cussed later. 

Differences in emfs. The reason why an 
electric current flows through conductors is 
much like the reason why water flows. 
through mains. Water flows from reservoirs 
through the mains because the water pres- 
sure is greater at the reservoir. Somewhat 
similarly, electric currents flow from one 
part of an electric circuit to another because 
of differences in "electrical pressure.” The 
difference in electrical pressure that forces 

3Page 325, col. 2. 

‘Circuit (sür'kit); the entire path of an electric 


current, from the source of the current, through all 
the wires and machines, and back to the source. 
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Silarong A ED R 
- g re: 
(insulator) (insulator) (insulator) (conductors) 


*Insulators serve to keep electrons going where 
we want them to go. Is the following statement 
true? In general, good electrical conductors are 
also good heat conductors, and good electrical 
insulators are also good heat insulators.! Is the 
statement a principle? Explain 


1Page 109, ftnt. 1. 


—————————————— 


a current through a conductor is called emf.! 

Voltage? and P.D.? are often used in place of 

emf. Emf is measured in volts. Current is 
measured in amperes. 4 

Complete circuits. What is the effect 

of completing or breaking an electric circuit? 

Scrape the insulation from both ends of each 


!Emf is an abbreviation of electromotive (ë lek tro- 
mó'tlv) force. "Voltage. (vol'ttj). 

*P.D. is the abbreviation for potential difference. 

‘Ampere (&m'per). 


of three lengths of copper wire.? Then con- 
nect the bare ends of the wires to the ter- 
minals of a dry cell, a knife switch, and a 
small electric bell or an electric lamp (illus- 
tration, A, p. 335). The bell will not ring, or 
the lamp light, because no current is flowing 
through the circuit. No current can flow 
through the circuit, because it is incomplete. 
Complete it by closing, or pushing down, 
the switch. The bell now rings, or the lamp 
lights. Open the switch to break the circuit. 
'The flow of current stops at once, and the 
bell ceases to ring, or the lamp to light. 
This experiment indicates that the flow 
of electric current through a circuit is, in 
atleast one important respect, unlike the 
flow of water from a reservoir. Some water 
will continue to flow into a main, even if 
the main becomes broken. But no electric 
current will flow through any part of a 
broken circuit. When, however, the circuitis 
complete, or closed, an electric current flows 
through all parts of it at the same time. 
The effect of breaking a circuit may be 
roughly compared with the effect of opening 
a drawbridge: When a switch is opened, or 
the circuit is otherwise broken, the flow of 
current stops. When a drawbridge is 
opened, traffic over the bridge stops. 
Resistance. There is no perfect con- 
ductor or any perfect insulator. Electric 
currents are hindered more or less in passing 
through any substance. The difficulty is due 
to the resistance of the substance. The re- 
sistance may be thought of as “electrical 
friction.” The "friction" is between the 
moving electrons and the molecules of the 
conductor. Therefore, "the better conductor 
a substance is, the less is its resistance, and 
vice versa. A 
Metal wires have relatively small resist- 
‘No. 18 or No. 22 insulated copper wire is recom- 
mended for all experiments with electric currents. 
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ances. Yet iron has more than six times 
the resistance of silver and nearly six times 
the resistance of copper. Rubber, glass, and 
all other non-conductors have thousands of 
times as great a resistance as any of these 
metals. The unit of resistance is the ohm.! 

The resistance of a wire or other conduc- 
tor depends not alone on the material of 
which it is made. It depends also on how 
long and how “big around” the conductor 
is. Thus "long wires have greater resistances 


than short ones of the same diameter. Also, 
Pfine wires have greater resistances than big 
wires of the same length. As you would ex- 
pect, the greater the resistance of a circuit, 
the less will be the current that will flow 
through it if the pressure, or voltage, does 
not change, and vice versa. This principle 
is similar to one that applies to the flow of 
water through mains: PThe longer and the 
smaller a water main is, the less will be the 
flow of water through it, and vice versa. 


2. How Is Chemical Energy Changed to Electrical Energy 
in Electric Cells? 


A FAMILIAR VOLTAIC CELL - How many 
uses for dry cells can you think of? You 
have probably used them in flash-lights. 
'The doorbell of your home may be rung by 
two of them connected together. Dry cells 
find some use, too, in portable radios. Per- 
haps you can think of other uses of these 
convenient sources of electrical energy. 

'The dry cell is the most familiar and con- 
venient of many types of voltaic? electric 
cells. But "every type of electric cell changes 
chemical energy to electrical energy. 

1Page 346, “Topic for Individual Study." 


2A voltaic (völ tà'ik) cell is one that produces elec- 
tric current by chemical action. 


The word voltaic was coined from the 
name of the scientist Volta? who invented 
the first electric cell. 


THE SIMPLE CELL - An excellent way to 
get an understanding of a voltaic cell is to 
make a simple cell. 

Dilute some sulfuric acid by mixing 1 part 
of the acid with about 20 parts of water. 
(Caution: Be sure to pour the acid into the 
water a little at a time. Do not pour the water into 
the acid. If you should get any of the acid on your 
hands, wash it off immediately and thoroughly. | 
Next connect a copper strip and a zinc strip 


3Page 346, “Topic for Individual Study." 


Why must the insulation always be removed from the ends of connecting wires? 


Copper 


Weak sulfuric 
acid solution 


A simple electric cell. What purpose is served 
here by the lamp? Can you complete these 
test items? (1) In the cell, chemical energy is 
changed to __?__ energy. (2) In the lamp, 
electrical energy is changed to __?__ energy 


with either a small electric lamp (as in the 
illustration above) or an electric bell. Pour 
the dilute sulfuric acid into a battery jar 
or a tumbler. When all is ready, lower the 
two plates into the acid. The acid is a 
good conductor, and therefore it completes 
the circuit. Does the lamp light or the bell 
ring? Observe the plates closely. What 
evidence of chemical action do you sce?! 
The zinc plate is being slowly consumed, 
or used up. The chemical action will con- 
tinue to produce current as long as the action 
continues. 


"The chemical symbol of copper is Cu, that of zinc 
is Zn, and the chemical formula of sulfuric acid is 
H3SO,. The bubbles are hydrogen, or Ha. A chemist 
would express the action of the acid and the zinc 
thus: Zn c H2S04  ZnSO, + He A. 


Can you 
express this chemical equation in words? 


CURRENT ELECTRICITY AND STATIC 
ELECTRICITY - A static charge on a cloud 
may have an emf of millions of volts. When 
such a charge is discharged through a light- 
ning rod, it may produce a current so strong 
that it would melt ordinary electric wires. 
But this current flows only for an instant. 
In contrast, a cell provides an emf of only a 
volt or so. Yet it is able to supply a small 
but useful current for many hours. 


CORRECTING A LONG-ESTABLISHED 
ERROR - If you should compare the diagrams 
of electric circuits in this book with those in 
some other books, you might note an im- 
portant difference. In this book the current 
is indicated as flowing from the minus (—) 
electrode? to the plus (+) electrode. The 
electrons which make up a current actually 
flow over the wires from the minus terminal 
of the cell to the plus. Why, then, is the flow 
of current commonly shown to be in the 
opposite direction? 

An error was made by Benjamin Franklin 
more than a century and a half ago. The 
electric cell was not then much more than a 
scientific curiosity. Nobody knew the direc- 
tion of current flow. Franklin guessed that 
it was through the wires from the plus (+) 
to the minus (—) electrode. The opposite 
was later found to be the case. But by that 
time Franklin's error in indicating current 
flow had become standard practice. To 
avoid the confusion that correcting it would 
cause, it is still commonly used throughout 
the world (illustration, p. 337). 


THE STORAGE CELL - Most voltaic cells 
become “worn out,” or "dead," in a fairly 
short time, even though they are not used 


"Electrode (ë Wk'trod): one of the terminals (tür^mt- 
nálz), or binding posts, of a cell or other source of 
electric current, or of an electric appliance. 
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steadily. A "dead" cell is one that can no 
longer supply electric current and hence is 
no longer of any use. But storage cells and 
batteries! can be used even for years. 

The various types of storage cells differ in 
construction. Also, they differ in the sub- 
stances used for their terminals and for pro- 
ducing the chemical action that supplies the 
current. But every type of storage cell has 
this important advantage over the other 
types of voltaic cells: It can be recharged 
when the current that it supplies has de- 
creased too much. 

Commercial storage batteries. The 
most common use of lead storage batteries 


YTwo or more cells connected together make up a 
battery. 


is in automobiles, for starting the engine. 
But they have many other uses. In localities 
where electric current is not available,’ they 
furnish current for lighting homes and for 
operating radio sets. They are standard 
equipment in many electric-power stations, 
for supplying extra current when needed.’ 
Is your school clock operated by a storage 
battery? 

Commercial storage cells are recharged by 
generators. Generators are discussed later. 


SUMMARY OF THE CHARACTERISTICS 
OF VOLTAIC CELLS - “There are three essen- 
tial parts of every voltaic cell. These are a 
metal plate, another plate, usually of a dif- 


?Page 66, ftnt. 2. 3Page 346, No. 6. 


Five of Benjamin Franklin's inventions that were milestones of science. Topic for 
Individual Study: 


artments ' 
AS 


Water-tight comp 
in boats 


Aro mE s 


^ Bifocal glasses 


Franklin working on 
his invention of the 
lightning rod 


The scientific work of Franklin 


Excellent clocks sues d 


ferent metal but sometimes of carbon, and 
a liquid that will conduct current. In every 
voltaic cell chemical energy is changed to 


electrical energy. The chemical action in 
a voltaic cell results in consuming, or “using 
up,” one of the plates. 


3. How Can Electromagnets Be Used in Generating 


and Using Electric Currents? 


USING ELECTRIC GENERATORS AND 
ELECTRIC MOTORS . How many electric 
dynamos! and electric motors do you use in 
your home or on your farm? You probably 
have only one or a few generators, or dy- 
namos, but the number of motors might 


surprise you. As no doubt you know an . 


automobile has a generator. It also has a 
motor for starting the engine, as well as one 
in each horn. It may have two more, one 
for operating the windshield-wipers ‘and 
the other for running the fan in the heater. 

In homes electric motors run such devices 
as refrigerators, washing machines, fans, 
food-mixers, and vacuum cleaners. Prob- 
ably you can think of others. 

In industry generators provide nearly all 
the electric current that is used, and electric 
motors serve thousands of needs. Important 
uses of electric motors include driving street- 
cars and electric trains, some types of cars 
and trucks, some steamships, and electric 
locomotives (illustration, p. 319). A single 
commercial air-liner of the largest type 
Sometimes is equipped with more than a 
hundred electric motors. Many hundreds 
may be used in a single manufacturing plant. 

As you would expect, electric dynamos 
and motors are of many types and sizes. 
Yet all function by means of magnetism and 
electric currents. 


!Dynamo (di'nà mō) and generator (j&n/ér à tër) are 
two names in common use for the same kind of elec- 
tric machine. 


CURRENTS AND MAGNETIC FIELDS - 
Magnetism and electricity are closely re- 
lated, as the following experiments will show. 
Make an electric circuit in the way shown 
in the diagram on page 339. With the 
switch open, lay the wire across the top of 
the compass so that it is exactly above and 
parallel to the needle. Close the circuit. 
Does the compass needle move when the 
current is flowing through the wire? Open 
the switch and thus break the circuit. What 
does the needle do when the current stops 
flowing? Repeat the experiment. 

In this experiment the compass needle was 
forced out of its usual position only when a 
current flowed through the wire. The ex- 
periment therefore illustrates this important 
principle: PWhen a current is flowing 
through a wire or other conductor, the con- 
ductor is surrounded by a magnetic field. 

Electromagnets. Can a coil of wire be 
made a magnet? Make a long insulated wire 
into a coil by winding it around a pencil. 
Make the connections as the diagram on page 
339 indicates. With the switch open, hold 
the compass near each end of the coil. What 
happens? Now close the switch. Again hold 
the compass near each end of the coil in 
turn. What happens now? Hold the com- 
pass near one end of the coil and open the 
switch. What happens? Close the switch 
again. What happens? Open the switch to 
keep from “running down” the dry cell. 

This experiment indicated that when no 
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stronger or a weaker electromagnet when 
current flows through it? Complete the cir- 
cuit by closing the switch. Place the com- 
pass on the table just far enough away from 
one end of the electromagnet so that its 
needle is only slightly turned from its usual 
position. Now thrust a large nail into the 
coil What happens? Remove the nail. 
What happens? Now turn the nail end for 
end and again thrust it inside the coil. Are 
the results the same as before? 

*This experiment illustrates this important 
principle: ’When a bar of iron or steel is 
put inside a coil of wire, both it and the coil 


e ———— 


Finding out whether a coil through which 
current is flowing is a magnet. Which of 
the elements of scientific method is 
illustrated by inserting a nail in the coil 
and then withdrawing it? 


Would shifting the connecting wires to the op- 
posite poles of the dry cell have the same effect 
on the compass as this circuit has when the 
switch is closed? Why? (Try this.) Which of 
the elements of scientific method is used in re- 
peating this experiment? 


o —— 


current was flowing through the coil, the 
coil had no magnetism. But when the cir- 
cuit was closed and current flowed through 
the coil, the coil became a magnet. It then 
had a north and a south magnetic pole. 
Each pole attracted one pole of the compass 
needle, and repelled the other pole, just as 
a bar magnet would. A coil through which 
current is flowing is a simple electromagnet. 

Inserting a core in the coil. Does putting 
an iron core inside the coil make it a 
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Dings Magnetic Separator Company 
What is holding this girl, head down, above the 
ice? What would happen if the electric current 


should suddenly be shut off? 


See 


become magnets when current is sent 
through the coil (illustration above). The 
bar becomes magnetized by induction. 
Thus the strength of its magnetic field is 
added to that of the coil. The instant the 
current is turned off, however, the coil loses 
all its magnetism. But the core retains some. 

In electric motors and dynamos, cores of 
soft iron or of alloys that are easily magne- 
tized, but that do not retain much of their 
magnetism,” are used. But in some elec- 
tric appliances (telephone receivers, for ex- 
ample) the cores of the electromagnets are 
of hard steel. 

When, in the experiment, the position of 
the nail inside the coil was reversed, its mag- 
netic poles were also reversed. The end that 


1Page 323, col. 2. *Page 321. 


had been the N-pole became the S-pole, and 
vice versa. You could have reversed the 
poles of the coil too by reversing the flow of 


current through it. 


DIRECT CURRENT AND ALTERNATING 
CURRENT - All electric cells furnish direct 
current. Direct current is current that con- 
tinues to flow through the external circuit? 
in the same direction. Thus in a cell the 
same pole is always plus. Hence the elec- 
trons continue to flow in the same direction. 
An electric generator can be constructed so 
that it too supplies direct current. But the 
generators in most common use supply al- 
ternating current. Alternating current is 
current whose direction of flow 
many times per second. 

A simple a-c generator. How current is 
generated is easier to demonstrate with an 
a-c‘ than with a d-c! generator. With about 
10 feet of insulated copper wire, make a coil 
like that shown in the illustration on page 
341. Twist the bare ends firmly together to 
make the circuit complete. Place the wire 
on the compass so that it is above the com- 
pass needle for the needle's entire length. 
Quickly thrust a bar magnet through the 
coil (illustration, p. 341). Observe the com- 
pass needle as the magnet is moving through 
the coil. What happens? Stop the mag- 
net’s motion. Again observe the compass. 
What happens?  Jerk the magnet back 
through the coil. Observe the compass as 
before. Again what happens? 

In this experiment, when the magnet 
moved through the coil, the compass needle 
shifted. Thus the needle indicated that 
pushing the magnet through the coil pro- 
duced a current through the wire in one 


is reversed 


‘By “external circuit” is meant the part of the circuit 
that is connected with, and outside, the cell or dynamo. 

*A-c and d-c are the abbreviations respectively of 
“alternating current? and “direct current.” 
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direction. The motion produced the current 
because it caused the coil to cut the magnetic 
lines of force of the magnet. Stated in an- 
other way, the current was caused by the 
changes in the numbers of magnetic lines of 
force that passed through the coil. 

When the magnet was stationary, the 
compass swung back to its original position. 
Thus it indicated that when there was no 
motion of the magnet, there was no current 
through the wire. Why? Because the coil 
was not cutting lines of force when it was 
motionless. When the direction of the mag- 
net was reversed, the current through the 
coil was reversed. But, as before, this cur- 
rent continued to flow only while the bar 
magnet was moving through the coil. 

This experiment illustrates some impor- 
tant principles: "Whenever a coil of wire 
that is part of a complete circuit cuts mag- 
netic lines of force, a current flows through 
the entire circuit. Reversing the direction 
in which a coil that is part of a complete 
circuit cuts lines of force reverses the current 
through the coil. A constantly reversing 
current is an alternating current. 

The most common a-c dynamo produces 
current that alternates 120 times per second. 
One hundred and twenty alternations are 
60 cycles, or 60 movements of the current in 
both directions through the circuit. 

Commercial a-c generators. Every com- 
mercial dynamo must have a magnetic field 
of force and an armature.! As the armature 
whirls, it cuts the lines of force of this 
magnetic field. Consequently an alternating 
current is induced in the armature coils. 
This current flows through the entire circuit. 

In the preceding experiment the bar mag- 
net supplied the field. The coil of wire 


14rmature (ar'ma choor): in most electric generators 
or motors, the arrangement of coils that rotates be- 
tween the poles of the field magnets. 
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served as an armature. In a commercial 
dynamo, however, both the field and the 
armature are made up of two or more, often 
many more, coils, Each coil is made by 
winding a great length of insulated wire 
around a softiron core. "The greater the 
number of coils, the stronger is the clectro- 
magnet. 

In most generators the armature whirls 
inside a stationary field. A common type 
of large commercial a-c generator, however, 
has a stationary armature. The field rotates 
inside this armature (illustration, p. 359). 

D-c and a-c generators compared. 
D-c and a-c generators are, in general, much 
alike. A d-c generator, however, is equipped 
with a commutator? This is a device that 


2Cémmutator (kóm'ü tà tér). Page 345, No. 5? 


M 


Is the magnet a part of the "generator" here? 


pers, 


a Tie 


wa E 
The Denver and Rio Grande Western Railroad 


A powerful diesel engine turns each generator in this diesel-electric locomotive. 
The generators together produce 6000 horse-power.! Why does the locomotive 
generate its own current rather than take it from a trolley line, as does the 
locomotive shown on page 319? 


Page 314. 


keeps the current flowing always in the same 
direction through the external circuit. 

As compared with a-c dynamos, d-c dy- 
namos have relatively limited uses, Alter- 
nating current serves most purposes for 
which electric currents are needed. Only 
direct current, however, can be used for such 
processes as charging storage batteries and 
plating metals. It is used, to some extent, 
in lighting electric lamps and also for oper- 
ating street-cars and electric locomotives 
(illustration, above). 


POWER IN WATTS AND KILOWATTS .- 
Generators are rated on the basis of the 
power that they can deliver. Power is 
neither emf nor current. It is the product 
obtained by multiplying the voltage, or num- 


ber of volts, by the amperage,! or number of 
amperes. Thus an emf of 1 volt and a cur- 
rent of 1 ampere (amp) provides 1 watt (w) 
of power (1 x 1 — 1). You probably have 
read, on the end of an incandescent lamp, 
the number of watts (50 w, 75 w, etc.) that 
that lamp requires. A watt, however, is too 
small a unit to be used in connection with 
great generators. They are rated in kilo- 
watts (kw). A kilowatt is 1000 watts. A gen- 
erator that was recently built to serve a mil- 
lion people produces 100,000 kilowatts. 


ELECTRIC MOTORS - Electric motors and 
electric generators are much alike in con- 
struction. In fact, a small d-c motor would 
serve equally well as a generator. But gen- 


‘Amperage (Ám'pér 1j). Page 346, “Topic.” 
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erators and motors serve exactly opposite 
purposes. A generator produces an electric 
current when its armature is made to whirl 
within a magnetic field. An engine, a water 
turbine, or a windmill usually turns the ar- 
mature. Thus a generator changes kinetic 
energy, or the energy of moving bodies, to 
electrical energy. In exact contrast, an 
electric motor runs other machines when its 


armature is made to whirl by a current that 
flows through the magnets of its armature 
and field. The armature turns in accordance 
with the principle of magnetic attraction 
and repulsion.! The north poles of its arma- 
ture are attracted by the south poles of its 
field and are repelled by the north poles, 
and vice versa. Thus an electric motor 
changes electrical energy to kinetic energy.? 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 333-335. 1. A cur- 
rent of electricity is a stream of (1) mole- 
cules; (2) electrons; (3) neutrons; (4) 
protons; (5) atoms through a conductor. 

2, The current is forced through an 
electric circuit by the voltage. 

3. Electric currents are measured in 
__?__, resistances in __?__, and pressures, 
or emfs, in --?--. 

4. Electric currents can flow only when 
the circuit is complete. 

5. If the resistance of a circuit is in- 
creased, the current through the circuit is 
also increased if the P.D. remains un- 
'changed. 

Pages 335-338. 6. Voltaic cells change 
chemical energy to --?-- energy. 

7. In every voltaic cell one terminal is 
used up. 

8. In every voltaic cell both plates must 
be the same. 

9. Some cells contain a liquid that can 
carry electric current. 

10. Of all the types of voltaic cells, only 
a ..?.. can be recharged. 

Pages 338-343. 11. A dynamo, or 
generator, produces electric currents by 
changing kinetic energy into electrical en- 


ergy. 


19. An electromagnet can be made 
stronger by putting inside the coil a core 
made of (1) soft iron; (2) some good con- 
ductor; (3) a perfect insulator; (4) zinc; 
(5) copper. 

13. Most dynamos produce current by 
having coils of wire rotate in a magnetic 
field. 

14. An clectric motor changes electrical 
energy into kinetic energy, or energy of 
position. 

15. An a-c generator is equipped with a 
commutator, which keeps the current flow- 
ing constantly in the same direction through 
the external circuit. 

16. A current of 10 amperes and a voltage 
of 10 volts supply --?-- of power. 


SCIENTIFIC PRINCIPLES - 1. "A good in- 
sulator is a poor conductor of electric cur- 
rent, and a poor insulator is a good con- 
ductor. 

2. Long wires have greater resistances 
than short ones of the same diameter and 
material. 

3. "Fine wires have greater resistances than 
big ones of the same length and material. 

4, "The greater the resistance of a circuit, 
the less will be the current that flows 
through it if the voltage remains unchanged. 


1Page 323, col. 1;ftnt.2. ?Page 344, col. 2, No. 3. 
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5. "When a current is flowing through a 
conductor, the conductor is surrounded 
by a magnetic field. 

6. "When a bar of iron is put inside a 
coil of wire, both bar and coil become mag- 
nets when current is sent through the coil. 

7. "Whenever a coil of wire that is part 
of a complete circuit cuts magnetic lines of 
force, a current flows through the entire 
circuit. 

8. "Reversing the direction in which a 
coil that is part of a complete circuit cuts 
lines of force reverses the current through 
the coil. 

9. "Like poles repel, and unlike poles at- 
tract, each other. 


SCIENTIFIC TERMS 


*alternating current 
Tampere 

*cell (voltaic) 

Tcircuit 

*direct current 
Tdynamo, or generator 
*electric current 
Telectrode 
*electromagnet 

Tmotor 

Tohm 

Tpotential difference, or P. D., or emf 
Tresistance 

Tvolt 

Twatt 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK 
1. On page 336 is a story about Benjamin 
Franklin's guess concerning the direction 
of current flow in a closed circuit. Which 
scientific attitudes, or lack of them, arc 
illustrated in this story? 

2. Which of the elements of scientific 
method? is indicated in the direction, on 
page 338, to repeat the experiment? 

3. In the experiment on page 338 the 
experimental factor is the completing or the 
breaking of the circuit. Explain. What is 
the experimental factor in the experiment 
on page 340? 


CONSUMER SCIENCE - Why should ony 
electric equipment that bears the $ 
label of the Underwriters Labo- 
ratories be purchased? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE . 1. The simple cell is more like 
Volta's cell than are other modern types of 
cells. Volta used pairs of copper and zinc 
disks arranged in a pile. But instead of 


Page 534. 


having the pile of disks in sulfuric acid, he 
put between the two discs of cach pair a 
disk of leather soaking wet with sea water. 
Why could he not have put the pile of disks 
into a vessel containing sea water instead 
of using the wet leather disks? 


2. You could make an electric cell out of 
a potato, an apple, an orange, or a lemon 
if you stuck into it wires of two different 
metals. One wire might be of iron and the 
other of copper. The cell would furnish a 
current (a weak one) if the circuit were 
completed. Why would it? It could not 
furnish any current, and hence would not 
be a voltaic cell, if you used two iron or two 
copper wires in place of one of each. Why? 


3. The current produced by a dynamo 
can be increased by one or all of these ways: 
by adding more coils to the electromagnets 
of the armature; by making the field 
stronger by either sending more current 
through it or increasing the number of 
coils in it; by making the armature turn 
faster. Can you explain why this statement 
is true? 
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External 
circuit 


Slip rings 
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A, diagram of a simple a-c dynamo; B, the 
same dynamo when the armature coil has 
turned half a rotation farther around. How 
could the direction of the current in the ex- 
ternal circuit be reversed? 


4. Perhaps you would like to know how 
current is generated in an a-c dynamo. The 
looped wire serves as the armature. 
horseshoe magnet, instead of an electro- 
magnet, provides the magnetic lines of the 
field. Note that one end of the loop (illus- 
tration above) is attached to each of the 
slip rings. These rings turn with the arma- 
ture. The brushes, however, remain sta- 
tionary. They press against the slip rings 
all the time that the rings are turning. The 
external circuit is connected with both 
brushes. During every complete rotation, 
each half of the coil changes the direction 
in which it cuts the magnetic lines of the 
field, Thus when x is swinging toward you 
at the top, y is moving away from you at 
the bottom, and vice versa. When x is at 
the top, the induced current flows in the 
direction indicated by the arrows (illustra- 
tion, A). It therefore goes out through the 
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— brush and returns through the + brush. 
When, however, x and y exchange positions 
(illustration, B), the current is reversed. The 
brush that was + is now — and the brush 
that was — is now +. Thus the current 
alternates through the external circuit 
twice while the armature is rotating com- 
pletely once. Suppose that the field magnet. 
were turned upside down, so that the S- 
pole would be at the top and the N-pole at 
the bottom. What would be the effect? 


5. The armature of the simple d-c dy- 
namo is the same as that of the a-c dynamo, 
just described, in every respect except one: 
instead of slip rings, the d-c generator has 
a commutator (illustration below). This 
is a single split ring with insulating ma- 
terial between the halves. The commutator 
rotates, but the brushes do not. The current 
is induced in the armature of the d-c dy- 
namo just as in that of the a-c dynamo. 
When x is at the top and is moving toward 
you, the induced current flows out through 


What would be the effect of reversing the field 

by putting the S-pole of the magnet at the top 

and the N-pole at the bottom? of rotating the 
coil in the opposite direction? 


External 
circuit 


Commutator 


the — brush. At the instant when the cur- 
rent is changing its direction through x and 
y, each half of the commutator leaves one 
brush and makes contact with the other. 
Thus the halves of the commutator shift 
to the opposite brushes whenever the cur- 
rent alternates. ‘The current therefore con- 
tinues to flow out through the — brush. 
Hence it flows through the external circuit 
always in the same direction as before. 
What would be the effect if a solid slip ring 
were used for a commutator? 


6. Why do telephone companies and hos- 
pitals have lead storage batteries ready to 
supply current to their circuits ata moment’s 
notice? 

7. Could you make an electromagnet 
with uninsulated wire? Explain. 


TOPIC FOR INDIVIDUAL STUDY - The 
volt was named after Alessandro Volta. 
Volta did important pioneer experimenting 
with electric currents. The ampere was 
named after André Ampére. He discov- 
ered important principles in the field of 
magnetism and electricity. The ohm was 


lAlessandro (4 las sin'drd) Volta (vOl'tà): 
Italian scientist; lived, 1745-1827. 

*André (än dra’) Ampère (äm pér’): famous French 
scientist; lived, 1775-1836. 


noted 


named after a German, Georg Ohm.’ He 
was a school-teacher, not a recognized 
scientist. Yet he discovered the principles 
that are stated in the paragraph on page 335, 
beginning “The resistance of a wire . . .” 
Prepare a class report on the work of one or 
all three of these great scientists. 


EXPERIMENT - How can a simple stor- 
age cell be made to operate? The construc- 
tion and operation of commercial lead stor- 
age cells are highly complex. But you can 
get a general understanding of them from a 
simple lead storage battery that you can 
easily make. Connect the plates to the dry 
cells as indicated in diagram A on this page. 
Fill the battery jar about three-fourths 
full of dilute sulfuric acid, such as you used 
in making a simple cell. Then lower the 
plates into the acid. Observe carefully what 
takes place in the battery jar. Does either 
plate change? After about twenty minutes 
connect into the circuit, in place of the two 
dry cells, a small electric lamp or an electric 
bell (illustration, B, below). What happens? 
Does the storage cell now furnish electric 
current? How do you know? 


Georg (gà ork’) Ohm (öm): lived, 1787-1854. 
‘Page 335. Note the cautions in regard to the use 
of sulfuric acid. 


Can you explain why the plates of a storage cell have the same signs both when they 
are being charged and when they are being discharged, but that the direction 
of the current is reversed? 
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ELECTRICITY IN DAILY LIFE 


1. How Is Electric Current Transmitted from Where It Is 
Produced to Where It Is Used? 


"THE LINES ARE DOWN" - In almost any 
part of the country it is not uncommon for 
the power to be “off” for a short time now 
and then. Lightning, high winds, or sleet 
storms are in most cases responsible. Usually 
the service is soon restored. A few years ago, 
however, winds of hurricane force deprived 
parts of New England of electric power for 
several days. 

One farmer described the hardships and 
annoyances that the lack of electric service 
had brought upon the members of his house- 
hold. Without current to operate the elec- 
tric motor of the furnace, they had been 
unable to relieve the discomfort of their cold 
rooms. They had had to substitute for their 
electric lighting the unsatisfactory and in- 
convenient illumination of candles and kero- 
sene lamps. Without radio and telephone 
they had been deprived of entertainment 
and “contact with the world.” Without 
current for operating their water system 
they had had to draw water by hand from 
a long-abandoned well. There had been no 
choice but to press into service, in place of 
their electric range, an old wood stove that 
was in the barn. Twice a day, by dim lan- 
tern light, the farmer had been obliged to 
milk 30 cows by hand. This almost im- 
possible task had fallen to his lot because 
the milking machine, like all the other elec- 
tric equipment, was out of use. 

What inconveniences should you suffer if 


your home were similarly deprived of elec- 
trical energy? The service so seldom fails that 
we are inclined to take it for granted. Con- 
sequently most people know far less about 
how electrical energy is made available than 
well-informed citizens should know. 


TRANSMISSION OF ELECTRIC CUR- 
RENTS - *Electric-power plants are com- 
monly located where water power is avail- 
able for turning the armatures of the great 
a-c generators. Consequently the electrical 
energy must be transmitted through trans- 
mission! lines, or power lines, to localities 
where it is needed (illustration, p. 348). As 
the current flows through the wires, some 
of the electrical energy is changed to heat 
energy.” The heat radiates away and is lost. 
But much more electrical energy is thus 
wasted when the current is great and the 
electrical pressure (emf) small than when the 
opposite conditions exist. Therefore elec- 
trical energy is often transmitted in currents 
of only a few amperes, but at emfs of more 
than 200,000 volts. 

Generators do not produce such high volt- 
ages. Hence the voltages must be raised 
and currents reduced for transmission 
through the power lines. Such changes are 
accomplished with transformers.? 

1Tyansmission (trans mish’tin): the act or process 
of transmitting, or sending, from one place to another. 


?Page 294, col. 1, and page 358, No. 1. 
3Transformer (trans fór'mér). 
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Can you suggest a suitable title for this picture? 


TRANSFORMERS "The diagram be- 
low indicates how both step-up and step- 
down transformers function. ‘Transformers 
can be used only with alternating current. 
When the current passes through the pri- 
mary coil, it magnetizes the iron core by in- 

. duction.! As the current flows in one direc- 


1Page 323, col. 2. 


tion, the magnetic field builds up. When 
the current reverses its direction (alternates), 
the magnetic field decreases to zero and then 
builds up again. A current is induced in 
the secondary coil because the number of 
magnetic lines that pass through it is con- 
stantly changing.) This induced current is 


*Page 341, col. 1. 


How simple transformers change alternating currents. Note that in the step-down 
transformers there are twice as many turns in the primary coil as in the secondary. 


Note, too, that these conditions are reversed in the step-up transformer. How do 


these conditions affect the emfs and currents in the secondary coils? 


Twice as much emf and 
half as much current 


Large current, 
small emf 


Iron core 


p 
A-c generator 


Primar zm 
1 Step-up 
col 
transformer 


Half as much emf and 
twice as much current 


Primary 


Secondary 


Step-down coil 


transformer 


ad 
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alternating current, like that in the primary 
coil. 

The emf is stepped down, or reduced, if 
there are fewer turns in the secondary coil 
than in the primary. Itis stepped up, or in- 
creased, if there are more turns in the sec- 
ondary than in the primary. "When the emf 
is increased by a transformer, the current is 
correspondingly decreased, and vice versa. 
But the number of watts! of power remains 
practically the same. Why? Because the 


product of the volts and the amperes is still 
practically the same in both primary and 
secondary coils. 

*Electric currents cannot be sent right 
from the transmission lines into homes and 
industrial plants. Such high emfs would be 
unsafe, though the currents would be rela- 
tively small. Hence the power is sent 
through step-down transformers. These 
lower the voltages and raise the currents 
correspondingly. 


9. How Are Electric Currents Controlled and Used? 


A MILESTONE OF SCIENCE - As a scien- 
tist, Benjamin Franklin is probably most 
famous for his experiment with lightning. 
He drew sparks from a kite string during a 
thunder-storm and thus was able to prove 
that lightning is a discharge of static elec- 
tricity. His success in performing this ex- 
periment is astonishing. But his escaping 
injury or death while performing it is almost 
as remarkable. A Russian priest was later 
killed by a lightning bolt while trying to 
repeat Franklin's experiment. 

By applying what he had learned from his 
experiment, Franklin invented the lightning 
rod. Since Franklin's time scientists have 
invented equally important safe-guards? 
against dangers from electric currents. 


PROTECTION AGAINST ELECTRIC CUR- 
RENTS - The dangers from electric currents 
in homes are relatively slight. They are 
rendered so by safe-guards such as insula- 
tion, switches, divided circuits, and fuses. 
All these provide protection both against 
fires and against accidents to people (illus- 
tration, p. 352). 


IPage 342. 
2Safe-guard: something that promotes safety. 


Insulation. Plastics and hard rubber 
are the insulating materials most commonly 
used for making the handles of electric ap- 
pliances. Materials commonly used for in- 
sulating wires have already been mentioned.* 
Insulation on electric appliances serves 
chiefly to prevent injury from electric shock 
to the people who use the appliances. ‘Tnsu- 
lation on wires serves to prevent short cir- 
cuits, as will be explained later. 

Switches. *Common types of switches 
are shown in various illustrations in this 
and later units.! But all switches serve the 
same purposes, namely, to complete circuits 
or to break them when desirable or’ neces- 
sary. 


SERIES AND PARALLEL CIRCUITS . *A 
series circuit is one continuous path through 
which all the current, must flow from one 
terminal of the source of the current to the 
other. Several series circuits are illustrated 
on other pages of this book.’ à 

About thirty years ago, strings of small 
electric lamps began to replace the danger- 
ous wax candles for Christmas-tree lighting. 


3Page 333, col. 2. !Pages 335, 354, and 505. 
‘Pages 335, 345, and 356, ils. 
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Parallel wiring. Can you explain why any lamp or appliance can be turned on or 

off without affecting any others? The cords leading from the sockets to the lamps 

and the radio have two insulated wires inside them. The current goes out through 
one and returns to the socket through the other 


Those lamps were connected in series like 
the electric cells in the illustration on page 
346. Thus all the current had to flow 
through all the lamps in turn. If one lamp 
burned out, all the lamps in the string went 
out. In modern strings of Christmas-tree 
lamps, as in all home-lighting circuits, the 
lamps and electric appliances are connected 
in parallel (illustration above). 

The flow of current through parallel cir- 
cuits can be roughly compared to the flow 
of traffic over a number of drawbridges. 
Suppose that a highway divides so that its 
traffic may pass over several drawbridges 
across a river. If the draw of any bridge is 
opened to let a boat through, only the traffic 
over that bridge is stopped. It continues to 
flow over the others. Similarly, the different 
parallel circuits for household appliances 
supply separate paths through which current 
may flow. Turning on a lamp or plugging 
in an appliance adds another parallel circuit. 
If a lamp is turned off or if an appliance is 
disconnected, the current can still flow 


through all the others that remain in use. 
With parallel connections, therefore, one 
lamp can be used alone, or a few or all the 
electric lamps and appliances can be used 
at the same time. 


HOUSE CIRCUITS - A single circuit brings 
electric current into the house. But separate 
circuits branch off from this main circuit. 
These smaller circuits supply current to the 
electric equipment in different parts of the 
house. For example, one circuit may serve 
only the electric range. Another may carry 
current to other appliances in the kitchen 
and to the kitchen lamps. Still another may 
do the same for the electric conveniences in 
another part of the house. These house cir- 
cuits are connected in parallel. 

The current from the supply wires is 
divided among the house circuits. The 
smaller currents in these circuits reduce the 
fire hazard that would exist if all the electric 
lamps and appliances were connected into 
one great circuit. 
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PROTECTING THE HOME AGAINST 
FIRES - From over-loaded circuits. *Each 
circuit in a house is designed to carry safely 
a certain maximum! current at the prevail- 
ing emf (usually about 110 volts). Every 
lamp and appliance requires its own amount 
of current. Therefore turning on a lamp or 
plugging in an appliance in any circuit in- 
creases the total current that is flowing 
through that circuit. If the circuit is already 
carrying its maximum load, adding another 
lamp or appliance over-loads it. The exces- 
sive current may produce enough heat to 
burn the insulation off the wires and to 
cause a fire. Fuses and circuit-breakers pre- 
vent such dangers, as will be explained later 
(illustration, p. 352). 

From short circuits. *When appliances 
are in use for a long time, the insulation on 
their cords is likely to become worn off or 
broken. If, as a result, bare spots on the two 
wires inside the cord touch each other, a 
“short,” or short circuit, results. A short cir- 
cuit always makes the resistance of a circuit 
less because it provides a shorter, easier path 
for the electrons that make up the current 
to travel. Hence the current is always in- 
creased. So also, and to a much greater ex- 
tent, is the heat in the wire. Thus the heat 
often becomes great enough to burn off the 
insulation. It may even melt the wires and 
start a fire. Even if a short circuit does not 
cause a fire, it wastes electrical energy and 
thus “runs up the electric bill.” 

By using fuses. Fuses are used to prevent 
fires that might result from over-loading or 
short circuiting. A fuse is connected into 
the circuit in series,” so that all the current 
of that circuit flows through it. Fuses are 
of several types. All are alike, however, to 
the extent that each consists of a length of 

1Page 152, ftnt., leg. 
?Page 349, col. 2. 
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high-resistance alloy that fuses, or melts, at 
a relatively low temperature (illustration 
below). The fuse wire will carry, without 
over-heating, somewhat more than the total 
current that is intended for the circuit. Thus 
a 15-ampere fuse will carry currents of per- 
haps 17 amperes. But when an over-load or 
a short circuit occurs, the resulting heat 
“blows,” or melts, the fuse. Thus the flow of 
current through that circuit is stopped be- 
fore the circuit becomes hot enough to cause 
damage. When the cause of the short has 
been found and removed, another fuse is put 
in place of the one destroyed. This fuse must, 
of course, be made for the same current as 
the one that it replaces. The circuit is then 
as good as ever? 

By using circuit-breakers. Circuit-breakers 
are now used instead of fuses in many home 
circuits. They are, however, used chiefly in 
circuits that supply current to motors in in- 
dustrial plants. One type operates like a 


3Page 357, “Consumer Science,” No. 2. 
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Two common types of fuses (A and B) be- 
fore and after being put into their sockets. 
Could the current flow through these fuses in 
the opposite directions from those indi- 
cated here? Explain 


When pulling a plug out of a socket, grasp the plug 
and not the cord 


Always disconnect all heating appliances before 
leaving the room 


ia ea oo 
A g 
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A. 


— 
Be sure your hands are dry before you use electric Replace a blown fuse with nothing but another fuse 
appliances that has the same ampere rating 


Can you give a good reason for each of the rules for living safely with electricity 
illustrated here? The best safe-guards are useless when there is carelessness 
or foolishness 
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metallic thermometer. Currents stronger 
than the circuit can safely carry cause a 
metal strip to become hot and to bend. Its 
bending opens a switch and thus breaks the 
circuit. 

Another type of circuit-breaker operates 
with an electromagnet. When the circuit 
becomes over-loaded or has a short, the in- 
crease in current increases the strength of 
the electromagnet enough so that it pulls an 
iron bar toward it. The shifting of this bar 
breaks the circuit and stops the flow of 
current. 

Circuit-breakers are not damaged even by 
great currents. Hence the same ones serve 
indefinitely. 


MEASURING THE ELECTRICAL ENERGY 
USED - “Bills for electric service are based on 
the number of kilowatt-hours? (kw-hr) of 
electrical energy consumed. A kilowatt- 
hour is 1000 watts used for 1 hour. Thus a 
750-watt electric iron consumes 750 watt- 
hours of energy. ($ kw-hr), whether it is used 
continuously for 1 hour or during four 15- 
minute periods. A 100-watt electric lamp 
burning 10 hours uses 1000 watt-hours, or 
1 kilowatt-hour, of electrical energy. So 
also would ten such 100-watt lamps burning 
for 1 hour. Suppose that a family has used 
during a month, with all its electric equip- 
ment, 100,000 watt-hours, or 100 kilowatt- 
hours, of electrical energy. If the average 
cost per kilowatt-hour is 6 cents, then the 
bill for that month's service would be 
100 x .06 — $6.00. 


ELECTRIC APPLIANCES REQUIRING SPE- 
CIAL EMES - Most electric appliances for 
the home are constructed for use with 
100-volt to 125-volt circuits. A few common 
appliances, however, require other emfs. 


!Pages 95 and 101, il. ?Page 342. 


For example, an electric range requires 220 
volts. Likewise, a television set uses 220 volts 
in some of its circuits. The higher voltage 
is supplied to the circuit of an electric range 
by sending the current for that circuit 
through a step-up transformer. The trans- 
former doubles the voltage by having twice 
as many turns in its secondary as in its 
primary? The higher voltages needed for 
television. sets are provided by similar 
step-up transformers inside the sets. 

Doorbells will operate on either alternat- 
ing current or direct current at an emf of 3 or 
6 volts. A dry cell provides an emf of 
about 1.5 volts. Hence two dry cells or four 
dry cells connected in series will supply the 
necessary 2 or 6 volts. But for reasons most 
of which you can doubtless state, dry cells 
are not a satisfactory source of current for 
doorbells. Therefore alternating current, re- 
duced to the proper voltage by step-down 
transformers, is replacing the direct current 
of dry cells for doorbell circuits. 


HOW AN ELECTRIC BELL OPERATES : 
Connect an electric bell, a push button or a 
knife switch, and a dry cell in series (illus- 
tration, p. 354). Push the push button or 
close the switch. Does the bell ring? 

Trace the current through the bell. You 
will note that it passes from one terminal 
through the iron bell-frame to the coil (illus- 
tration, p. 354). From the coil it flows to 
the bottom of the contact screw. This con- 
tact screw is insulated from the iron bell- 
frame. Hence the current can flow only by 
way of the contact screw through the arma- 
ture, or vibrator. 'The metal frame serves 
as a wire to conduct the current from the 
armature to the second terminal. Thence 
it returns to its source. 

Pressing the push button down completes 


*Page 348, il., bottom. 
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the circuit. The coil then becomes an elec- 
tromagnet. It pulls the iron armature away 
from the gong, in spite of the spring. But 
the instant that the armature is pulled away 
from the contact screw, the circuit is broken. 
Instantly the current ceases to flow, and 
the electromagnet loses its magnetism. The 
spring then pulls the armature back strongly 
against the gong and also against the contact 
screw. The instant the armature and the 
contact screw touch, the circuit is again com- 
pleted, as at first. The cycle then begins 
again. The circuit is thus completed and 
broken many times per second, causing the 
rapid vibration of the armature against the 


gong. 


USING ELECTRIC CURRENTS FOR HEAT- 
ING - Electricity is the cheapest source of 
energy when used to run motors for doing 
work. But it is expensive when used for 
producing heat. Coal, oil, and gas provide 


heat energy at about half the cost of pro- 
ducing it with electricity. Nevertheless, 
electricity is increasing in use for ranges 
and electric heaters, as well as for other 
heating appliances, because it is clean and 
convenient. 

The heating elements of electric heating 
devices are usually wires or rods made of 
metals or metal alloys of high resistance. 
The high resistance causes these elements to 
become heated to incandescence when a 
current passes through them.’ In most cases 
the heat and not the light is desired. In or- 
dinary electric lamps, however, the light 
that accompanies the heat is the desired 
product. 

Industrial products such as industrial dia- 
monds, tungsten steel, and certain abrasives? 
require for their manufacture temperatures 


IPage 358, No. 1. 
*Abrasive (Ab rà'siv): a material used for scouring, 
polishing, or grinding. 


Would the electric bell ring if you shifted the wires to the opposite poles 
of the cell? 


as great as 6000° C. Such high temperatures 
cannot be attained with fuels. But they can 
be with electric furnaces (illustration, right). 


CHEMICAL USES OF ELECTRIC CUR- 
RENTS - Until about two centuries ago there 
were no plated metal articles. Until that 
time all metal vessels and utensils had been 
made either of pure metals or of alloys: 
The first metal plating was done in Sheffield, 
England. For a century or more the famous 
Sheffield plate was made by skillfully melting 
coatings of silver on copper alloy. By about 
1850, however, plating with electric currents? 
had practically replaced the older method. 
Now direct currents are used in plating all 
sorts of articles with gold, silver, chromium, 
copper, aluminum, zinc, nickel, and other 
metals. 

You can easily demonstrate electro-plat- 
ing. Set up a series circuit like that shown 
in the illustration on page 356. The surfaces 
of the metal to be plated must be bright and 
thoroughly clean. Allow the current to flow 
through the circuit for ten or fifteen min- 
utes. Then examine the metal object that is 
connected with the minus terminal of the 
battery? of cells. It will be thinly plated 
with copper. 


United States Steel Corporation 
An electric furnace pouring melted stainless steel 
into the ladle. The two carbon electrodes are 
at the top of the furnace. What do you think 
is the source of the heat? 


Processes similar to electro-plating are 
used in producing pure metals such as pure 
copper and aluminum. Many other elec- 
trolytic? processes are used in industry. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 347-349. 1. Trans- 
formers are used to change the sizes of both 
the emfs and the currents through power 
lines. 

2. Transformers are used only with direct 
current. 

3. If the secondary coil in a transformer 
has more coils than the primary, then the 


YDhis newer process is generally known as electro- 
plating (@ lek’ tr plat ing). ?Page 346, il. 


current through the secondary is increased, 
and the emf is also increased. 

4, The voltages are stepped down by a 
transformer before currents enter homes. 

Pages 349-355. 5. All the current from 

the supply wires passes through a series cir- 
cuit, but only part of it through each parallel 
circuit in the house. 

6. House circuits branch from the supply 
wire in series circuits. 

3Electrolytic (E 1ék tro Nik). 
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a 
< sulfate 


“solution 


If alternating current were used instead of direct current, what would be the result? 
After you have plated the key with copper, reverse the current. What happens? 


7. All the appliances and lamps in the 
house are connected in ..?... 


8. Plugging into a circuit fewer appli- 
ances than the circuit is designed to carry 
may cause a fire. 


9. When a short circuit occurs in a cir- 
cuit, the current through the circuit is in- 
creased, and the heat caused by the flowing 
of the current through the circuit is dimin- 
ished somewhat. 

10. Replacing a burned-out fuse with a 
penny instead of another fuse may cause a 
fire. 

11. A device that is used instead of a 
fuse is (1) a meter; (2) a wall switch; 
(3) a circuit-breaker; (4) a transformer; 
(5) a cell. 


12. Bills for electric service are figured 


on the basis of the number of (1) volts; 
(2) amperes; (3) kilowatt-hours; (4) ohms; 
(5) calories of heat that have been used. 

13. Appliances used for heating are 
equipped with heating elements that have 
higher se. 

14. The process of electro-plating re- 
quires direct current. 

15. An object that is to be electro-plated 
must always be connected with the minus ter- 
minal of the source of current that is to be 
used. 


SCIENTIFIC PRINCIPLES - 1. "If the num- 
ber of coils in the secondary of a transformer 
is greater than the number in the primary, 
then the emf is increased, and the current is 
diminished, and vice versa. 

2. "When a current passes through any 


[356] 


conductor, some of the electrical energy is 
transformed to heat energy. 

3. "The greater the resistance of a circuit, 
the greater is the amount of heat that is 
produced when current passes through the 
circuit. 

4. PA short circuit increases the current 
through a circuit and greatly increases the 
heat in it. 

5. "Energy can be transformed, but it 
cannot be created or destroyed. 


SCIENTIFIC TERMS 


armature (of an electric bell) 
[battery 
fuse 
Tinduction 
Tinsulation 
Tkilowatt-hours 
parallel circuit 
series circuit 
short circuit 
switch 


Applymg and. Extending What You Know 


AS SCIENTISTS WORK AND THINK : 1. 
Which of the scientific attitudes did the 
Russian priest possess who repeated Frank- 
lin's experiment with lightning? 

2. The legend of the illustration on 
page 354 suggests changing the direction of 
the flow of electrons through the bell circuit. 
Would following this suggestion result in 
performing a check experiment? Would it 
serve as a control? Justify your answer. 


CONSUMER SCIENCE 1. How many 
different types of switches can you find in 
your home? First locate the distributor 
box and the service panel. These will 
probably be on a wall of either the base- 
ment or the attic. [Caution: Do not touch 
anything in the box or on the panel.] Do you 
fnd a knife switch or a tumbler switch 
(push in, pull out) in the distributor box? 
Do you find any evidence of divided cir- 
cuits? If so, what evidence? How many 
fuses do you find? Are there elsewhere in 
the house other kinds of switches than those 
found here? What other kinds? 


2. Some persons wrap the bases of burned- 
out fuses with tin foil and screw them back 
into their sockets. Others place pennies in 
the empty fuse sockets. Either of these 
practices completes the circuit and thus 


makes the current flow again through the 
circuit. But both practices are extremely 
foolish and dangerous. Why? 

3. The illustration of an electric meter 
on this page shows a reading of 2383 kilo- 
watt-hours. Suppose that when the meter 
was last read the hands were in the positions 
shown by the dotted lines. What was the 
reading at that time? How many kilowatt- 
hours of electrical energy have been used 
during the time between the readings? At 
an average cost of 10 cents per kilowatt- 


ee Ee 


An electric meter. A person who has not learned 

how to read meters is likely to read 20,000 kilo- 

watts on the dial farthest left. How do you ac- 
count for his making this error? 
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hour, what will your electric bill be for 
that period? 

4, Perhaps you have heard somebody say, 
The more electricity you use, the cheaper it 
is." What is the meaning of this statement? 


5. Why do short circuits waste electrical 
energy and “run up the electric bill?” 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. Doubling a current through a 
wire produces not twice as much heat as 
before, but four times as much. Tripling 
a current produces not three times as much 
heat, but nine times as much. How many 
times as much heat would be developed if 
the current were increased ten times? 


2. An iron magnet can be demagnetized 
safely by placing it inside a coil that is 
“hooked up to," or connected with, the 
secondary coil of a transformer. Why? 


3. Can you think of a reason to explain 
why Christmas-tree lamps were formerly 
connected in series rather than in parallel? 


4. Why are the various clectric devices 
on an automobile connected in parallel 
rather than in series? 


5. On page 349 the following statement 
is made about Franklin: "But his escaping 
injury or death while performing it [the 
experiment described] is almost as remark- 
able." Explain. 


6. Why should extension cords not be 
placed under rugs or carpets? 


7.Can you explain why an electric 
range requires 220 volts, while an electric 
iron requires only 110 volts? 


8. Why cannot alternating current be 
used for plating metals? 


EXPERIMENT : Under what conditions 
does a fuse break a circuit? Why are fuses 
of different ampere ratings needed?' Con- 
nect two dry cells in series as in the illus- 
tration on page 356. Connect the remain- 


ing free terminal of one of them with a 
switch. Open the switch. Wind cach end 
of a 2-inch piece of 1-ampere fuse wire 
around one bare end of each of two pieces 
of copper wire about 1 foot long. You will 
then have two copper wires joined together 
with a short fuse wire. Connect the free 
end of one of the copper wires to the re- 
maining free terminal of the cells. Connect 
the free end of the other wire to the remain- 
ing free terminal of the switch. You now 
have a series circuit consisting of two dry 
cells, the open switch, one length of copper 
wire, the fuse wire, and the other length of 
copper wire, which completes the circuit. 
Close the switch. What happens when the 
current flows through the circuit? Open 
the switch and substitute, for the fuse wire, 
another made by twisting together two 
2-inch lengths of 1-ampere fuse wire. When 
the series circuit is again complete, close the 
circuit. If you have the same results now 
as before, repeat the experiment again, 
using four strands of fuse wire twisted to- 
gether. Answer the two questions at the 
beginning of the experiment. 


TOPIC FOR INDIVIDUAL STUDY . Con- 
ductors that use high voltages must be in- 
sulated with special materials and by special 
methods. In the case of extremely high 
voltages the problem of insulating such 
conductors has not yet been solved com- 
pletely. Consult a textbook of electricity 
to determine how conductors carrying cur- 
rents of high voltage are insulated. 


PROJECT - To make a display of in- 
sulators and insulating materials. Sug- 
gest that the members of your class collect 
as many types of electrical insulators and 
as many samples of electrical insulating 
materials as they can. Suggest that the 
class elect a committee to separate these 
materials into groups according to their 
uses and to make a display of them. 
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General Electi 


The installing of the rotor, or rotating part, of an a-c generator, made to turn by a 


diesel engine. What questions occur to you as you examine this illustration? 
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NES OF SCIENCE 


A THEORY BECOMES A PRINCIPLE 


Three hundred years ago little was known about “the world of minute 
living things.” The best microscopes then available were not much 
better than crude magnifying glasses. But in 1665 Hooke’ succeeded in 
making a somewhat better magnifier than any previously made. With 
it he studied hairs, skin, insects’ wings, parts of plants, and almost any- 
thing else that he could examine. Later he recorded his observations in 
a book that is of great interest even today. 

One day Hooke became curious to know what cork would look like 
when magnified. He cut as thin a slice as he could and studied it intently 
through his microscope. What he saw was unlike anything that he had 
seen before. He adjusted his magnifier again and peered through it. 
The cork looked like nothing but rows and rows of uniform, almost-square 
holes. He studied with great care other thin sections of cork. All looked 
the same. The rows of spaces reminded him of the bare little rooms, or 
cells, in a monastery.? Therefore he called the little spaces cells. 

Later Hooke discovered similar cells in thin slices of various vegetables. 


He observed that the cells of some were not empty spaces, as the dry 
cork cells had appeared to be. Instead they were "filled with juices.” 
From time to time other scientists contributed to the knowledge of cells. 
But no great progress was made for about a hundred and seventy-five 
years. In 1838 Schleiden? made a more extensive study of plant struc- 
tures than had been made before. From what he learned he proposed 
the theory that “every plant is made up of cells.” In the following year 
Schwann‘ completed a similar study of animal parts. Combining his re- 


sults with those of Schleiden, Hooke, and other scientists, he announced 
the "cell theory." "This was that “every living thing is composed of cells." 

'This theory has since been checked by thousands of scientists, as every 
theory is. All their observations have confirmed it. Hence it ceased long 
ago to be a theory and became one of the most important biological 
principles: PEvery living thing is made up of one or more cells. 

Robert Hooke (hóók): English scientist; lived, 1635-1703. 

? Monastery (món'ás tér Y): a house in which many monks live as one community. 


‘Matthias (mà té'ás) Jakob (yà'kop) Schleiden (shli'dén): German botanist; lived, 
1804—1881. 


* Theodor (tà'ó dör) Schwann (shvàn): German physiologist; lived, 1810-1882. 
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THE LIVING WORLD 


The Zoological Society of Philadelphia 
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LIVING ‘THINGS 


1. How Are Living Materials Different from Non-living 
Materials? 


LIVING AND NON-LIVING MATERIALS - 
Suppose that you were suddenly transported 
to a strange, new environment.! Suppose 
that practically everything that you could 
see about you was different from anything 
that you had ever seen before. Should you 
be able to tell at a glance which objects were 
living and which were non-living? Could 
you be sure in every case? You know, of 
course, that living things are different from 
non-living things in important respects. But 
do you know what these respects are? 

It is perhaps easier to state ways in which 
living and non-living things are alike than 
ways in which they are different. Earlier it 
was stated that everything that has weight 
and takes up space is matter. It was stated 
also that all matter is made up of molecules. 
Hence all living things are composed of 
molecules. These molecules are made up of 
atoms, just as are the molecules of a rock, an 
airplane, or any other mass of non-living 
matter. Also, the atoms of living things are 
composed of electrons, protons, and neu- 
trons. In this respect, also, they are like 
the atoms of metals and other inorganic? 
materials. In other words, living and non- 
living things are all made up of exactly the 
same kinds of “building stones.” 

What, then, are the differences between 
something that is alive and something that is 


1Page 32, ftnt. 1. *Page 252, ftnt. 1. 


not? The most important difference is in- 
dicated in this principle: "Every living 
thing, but no non-living thing, is composed 
of protoplasm.? 


PROTOPLASM - "Scientists know what 
protoplasm is made of. Chemists have been 
able to analyze the materials that compose 
the parts of plants and animals. ‘They have 
found that "all protoplasm is made up 
chiefly of carbon, hydrogen, oxygen, and 
nitrogen, together with small quantities of 
sulfur, phosphorus, and other elements. But 
nobody has ever yet been able to find out 
what makes protoplasm alive. A plantoran 
animal weighs exactly the same immediately 
after death as before. Yet it is not the same. 
The substance that was protoplasm no 
longer is protoplasm, because life is gone 
from it. 


CELLS - The protoplasm in the body of a 
plant or an animal is not in one mass. It is 
in small portions, called cells (illustration, 
p. 363). 

An animal cell. A typical* animal cell 
is a tiny, bag-like mass of protoplasm. Cyto- 
plasm,° which is thin, watery protoplasm, oc- 
cupies most of the bag." Cytoplasm has in 


3Protoplasm (pró'tó plázm): the material that com- 
poses every living plant or animal; the only living 
material, 


‘Page 6, ftnt. 2. 5Cytoplasm (si'tó plázm). 
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Red blood cells 
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Pollen grains ^ : 
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. Yeast cel 


Swimming cells of water mold — B. a 


t facts could you learn about cells from 


just this illustration? 


it, here and there, specks that are usually 
food, coloring matter, or fat. The cell mem- 
brane forms the walls of the bag. This 
membrane is cytoplasm that is slightly less 
watery than the rest. In about the middle 
of the cell is a ball-shaped mass of proto- 
plasm that is denser than cytoplasm. This 
mass is the nucleus. The nucleus, or central 
body, of a cell controls the production of new 
cells and other activities of the cell. 

A plant cell. A typical plant cell is a 
minute, carton-like container filled with 
protoplasm. Corresponding to the walls of 
a carton are the cell walls. These are com- 
posed of stiff, woody material called cellu- 
lose. Like an animal cell, a plant cell is 
filled with cytoplasm, in which there is a 
nucleus. 


1Cellulose (sél'ü los). 
[363] 


Are the bodies of these sleeping animals com- 
posed of protoplasm? Is the grass, also? If 
they were eating meat, would the meat be 

protoplasm? Explain. Choose a principle on 


page 369 or 372 to support your answers 
E. R. Squibb and Sons 


Is a slice of meat or a banana 
peel tissue? Explain 


Cells in tissues. 


The cell membranes of animal cells per- 
mit the cells to be changed in shape easily. 
The walls of plant cells resist such changes. 
Thus it is easier to dent the flesh of your arm 
than the wood of a tree trunk. 


TISSUES AND ORGANS : If you should ex- 
amine with a compound microscope! a piece 
of the skin between the layers of an onion, 


1Page 360, il. 


you would see that the specimen is made 
up of many cells much alike (illustration, 
left). A group of similar cells all performing 
the same functions? is called a tissue. Thus 
tree bark, Hooke’s slices of cork,’ onion skin, 
and your outer skin are tissues. Tissues 
grouped together form organs. Examples of 
organs are flowers, hands, plant roots, and 
ears. A group of organs that together carry 
on a complex process, such as digestion or 
circulation, makes up an organ system, or 
system (illustration, p. 365). 


DIFFERENCES IN CELLS, DIFFERENCES 
IN FUNCTIONS - No two cells, even those of 
the same kind, are ever exactly alike. Differ- 
ent kinds of cells vary considerably in size 
and form. Also, they vary to some extent 
in the chemical composition of their proto- 
plasm. For these reasons, tissues vary 
greatly, and consequently so do organs. ‘To 
illustrate, the tissues in such an organ as a 
dog’s leg are different from those in an organ 
such as a plant stem. The tissues composing 
the flesh of your hand are different from those 
of your brain, heart, or bones. If there were 
not these differences, all the cells, tissues, 
and organs would perform exactly the same 
functions in one organism‘ as in every other. 


CELLS AND LIVING THINGS - The small- 
est plants and animals have bodies that con- 
sist of only one cell each (illustration, p. 
363). Such organisms vary considerably in 
size, though nearly all are invisible without 
a microscope. Some protozoans, however, 
can be seen with the naked eye as specks 
moving in water. Moreover, one kind of 
one-celled alga that lives in the ocean is as 
big as a marble. 

Function (ftingk’shtin): a special purpose, action, 
or service. 3Page 360. 

4Use the Glossary for reviewing the meanings of 


terms that have already been defined. 
*Page 54, ftnt. 2. 
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Large plants and animals are made up of 
billions of cells. Your brain alone is com- 
posed of more than 2 billion, and nobody 
has estimated how many billions there are 
in a great tree. In general, however, the 
individual cells that make up the bodies of 
great animals and plants are no larger than 
those that make up the bodies of one-celled 
organisms. "In general, one living thing is 
larger than another because it contains more 
cells. 


SUMMARY - *?Like all non-living things, 
all living things are composed of molecules, 
atoms, electrons, protons, and neutrons. 
PThe body of every plant or animal con- 
sists of one or more cells. "Every living cell 
is composed of living material, namely, 
protoplasm. This protoplasm consists of a 
nucleus surrounded by cytoplasm. PCells 
that make up different tissues and organs 
differ from one another, more or less, in 
size and form and in the composition of 
their protoplasm. For this reason, the 
various structures of an organism are differ- 
ent, and Pno two plants or animals are 


Organs of plants and animals. Can you give 
other examples of organs? 


exactly alike. "Big organisms are composed, 
not of larger cells than small ones are, but 
of millions or billions more. 


9. What Are the Activities of Protoplasm? 


HOW CELLS GET WATER AND OTHER 
NEEDED MATERIALS : “As dry as a bone" 
is a common expression. But bones are not 
dry. Bones in the bodies of living animals 
are nearly a third water. Other parts of 
animals bodies, except such structures as 
shells, nails or claws, feathers, and hair, are 
composed chiefly of water. So'are the living 
parts of practically all plants. Your body is 
more than 80 per cent water. 

The reason for the high percentages of 
water in the bodies of all living things is that 
the cells that compose them are almost en- 


tirely water. Every living cell must there- 
fore be constantly supplied with water. It is 
essential for keeping the protoplasm suffi- 
ciently fluid (illustration, p. 366). Also, it 
is needed to dissolve not only the food and 
other substances that every living cell must 
have, but also the waste substances that 
every living cell must climinate.! 


HOW SUBSTANCES PASS INTO AND OUT 
OF CELLS - If you put a few dried prunes or 
dried raisins into water, in a few hours they 


1Page 75, ftnt. 1. 
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After reading the paragraph on page 365, beginning '**As dry as a bone’... ,” can 
you “make up" a title for this illustration? 


will be round and plump. This result is ex- 
plained thus: The skin of the fruit is not 
completely unbroken tissue, as it appears to 
be. It contains great numbers of micro- 
scopic pores. The water molecules pass 
readily through these pores into the fruit. 
Sugar in the fruit dissolves in this water. 
Some of the sugar molecules then go out 
through the pores in the skin at the same 
time that water molecules are going in. But 
the sugar molecules are both larger and 
slower of movement than the water mole- 
cules. Hence water passes into the fruit 
much faster than sugar passes out of it. 


'The process by which the molecules of a 
substance pass through moist cell walls or 
cell membranes is called osmosis.! Osmosis 
is a type of diffusion? No doubt you are 
familiar with many examples of diffusion. 
You have noticed the odor of gasoline 
around a filling station. Also, you have 
observed that if a lump of salt or sugar is 
dropped into a glass of water, all the water 

lOsmosis (53 mo'sis). 

?*Diffusion (dï fü'zhün): the act or process of dif- 
fusing (dífüz" ing), by: which substances become 
mixed as a result of the movements of their molecules. 


Do not confuse this type of diffusion with the dif- 
fusion of light (p. 178, col. 2). 


[366] 


will become salty or sweet, even if it is not 
stirred. Scientists state that if a lead bar is 
left on top of a gold bar for several months, 
particles of gold will be found scattered 
through the lead. 

Diffusion results from the motions of 
molecules. Being in constant rapid motion, 
they tend to scatter from points where they 
are most highly concentrated, or crowded, 
io points where they are less highly concen- 
trated. In time, if nothing prevents, 
the molecules become equally distributed 
throughout all the available space. 

Not all substances diffuse through cell 
walls and cell membranes. For example, 
white of egg does not. But, with few excep- 
tions, all substances that do, pass from the 
side of the membrane where they are more 
highly concentrated, or crowded together, 
to the side where they are less highly con- 
centrated (illustration, p. 368). 


USE OF ENERGY BY PROTOPLASM - *Dis- 
solved food is constantly passing by osmosis 
into every living cell through its wall or 
membrane. The food serves chiefly as fuel. 
It is burned, or oxidized, in every cell. The 
chief waste products of this oxidation, or 
combustion, are carbon dioxide and water. 
These are the same two compounds that are 
formed whenever coal, oil, or any other fuel 
is burned.! The energy stored in the food is 
changed into heat energy, kinetic energy, 
and other forms of energy. None of the 
energy is lost. It is merely changed from 
one form to another. 


NEW PROTOPLASM - How long after birth 
does it take a newly born cat, dog, or one of 
the farm animals to become full grown? 
How many inches did you grow during the 
past six months? Have you ever broken an 
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arm or aleg? Have you wondered how liv- 
ing things grow and why their injuries heal? 

Protoplasm can make new protoplasm 
from the food that passes by osmosis into 
the cells. Thus each cell grows until it has 
reached maturity. Then, usually, it pro- 
duces new cells in this way: Its nucleus 
divides into two parts. A cell wall or a cell 
membrane forms across the middle of the 
cell, dividing it into two parts. Thus two 
cells are formed. Each has half the nucleus 
and half the cytoplasm of the original cell. 
The two young cells are small. But they 
make more protoplasm and thus “grow up.” 
When mature, each divides and forms two 
cells, as its parent cell did. Thus the cells 
multiply in all the tissues. 

By forming new cells in this way, the body 
is able not only to grow, but also to heal in- 
juries. Also, it is able to replace with vig- 
orous new cells old ones that “wear out" 
and die. A further extension of this process 
of cell multiplication makes reproduction? 
possible. 


THE LIFE CYCLE - ?*Every living thing 
has a life cycle. It starts life, and it grows to 
maturity and can then reproduce. It grows 
old, and finally it dies. Cells too have a life 
cycle. They are formed, and they grow to 
maturity and make new cells. They become 
old and unable any longer to do their work, 
and then they die. In all parts of every 
organism different cells are going through 
the various stages of the cycle all the time. 
Hence Pthe building of new protoplasm and 
the breaking down of old or dead protoplasm 
are going on always and at the same time in 
every organism. 


2Maturity (mà tü'rl d): state of being mature, or 
fully developed. 

3* Reproduction (rē pro dük'shün): the process by 
which offspring, or young, are produced. 
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Often sprains are treated by applying bandages 
soaked in a warm solution of Epsom salts. The 
dissolved salts cause the water to pass out 
through the skin, thus reducing the swelling. 
Can you explain this last sentence? 


PROTOPLASM AND THE MATTER-AND- 
ENERGY CYCLE - When plants and animals 
die and decay, all the materials that com- 
posed their bodies are changed into simpler 
compounds. These compounds are chiefly 
water and carbon dioxide. They include 
also compounds of nitrogen, sulfur, phos- 
phorus, and the other elements that compose 
organic matter.’ All these substances can be 


*Use the Glossary for reviewing the meaning of 
terms already defined. 


used again by other living things for building 
new protoplasm. Thus the materials that 
made possible growth, repair of injured 
tissues, and reproduction in plants and ani- 
mals that lived and died earlier are serving 
these same purposes in present living things, 

PEnergy is stored in the body of every 
organism. When an organism dies and de- 
cays, the energy stored in its body is changed 
to other forms of energy. These include heat 
and various forms of chemical energy. 
These forms of energy can be used by other 
living things. 

Thus "both the matter that composes liv- 
ing things and the energy that their bodies 
contain are used over and over in a cycle 
that never ends. It is called the matter-and- 
energy cycle. It illustrates the principle of 
conservation of matter and energy.” 


DEATH AND DECAY, ESSENTIAL TO 
LIFE - Think what would happen if this 
cycle were to stop. Suppose, for example, 
that when a living thing died, its body did 
not decay. The plants and animals that 
were still living would grow more and more 
slowly. Many would become old and would 
die before they could become mature. The 
numbers of young organisms would become 
fewer and fewer. Why? Because the supply 
of materials out of which to build their 
bodies would be constantly diminishing. 
So also would the supplies of energy with 
which to carry on their activities. Finally 
there would be no more growth, no more 
replacing of dead cells, no more repair of 
injured tissue, and no more young organ- 
isms. Finally there would be no life on the 
earth. Long before that could happen, 
however, people and other animals would 
be having increasing difficulty in getting 
about, as the earth became more and more 


*Page 282. 
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completely covered with dead plants and 
animals. 

*Tt is clear, therefore, that death and decay 
are necessary to continued life and growth. 
Also, it is clear that life can continue only 
because of the matter-and-energy cycle. 


SUMMARY - *?Protoplasm changes food 
into other forms of energy and into more 
protoplasm. "Materials pass into cells and 
out of them by osmosis. "Growth, reproduc- 


tion, the healing of injuries, and the replac- 
ing of dead cells result from the multiplica- 
tion of cells. ?Cells increase in numbers by 
dividing. Each cell forms two new ones. 
PEvery living cell has a life cycle, just as 
every animal and every plant has (illustra- 
tion, pp. 370-371). "Through death and de- 
cay the materials that compose the bodies 
of living things are used over and over in 
an endless cycle. This is the matter-and- 
energy cycle. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 362-365. 1. You, your 
dog, a tree, and every other living thing is 
made up of a watery material called eese 

2. The only living material is (1) mat- 
ter; (2) energy; (3) inorganic material; 
(4) protoplasm; (5) a plant or an animal. 

3. The body of every living thing is 
composed of one or more ieee 


4. A tissue is composed of many similar 
a 


5. A group of tissues together make up 
an PS ONDE. 

6. The smallest plants and animals 
have only a few cells, while the largest ones 
are composed of thousands of cells. 

7. Big organisms are composed of bigger 
cells than smaller organisms. 

Pages 365-369. 8. The bodies of living 
things consist chiefly of water. 

9. Molecules of some substances pass 
through cell walls and cell membranes by 
osmosis, which is a type of oben. 

10. “Smelling the cooking all over the 
house” is an example of osmosis of the mole- 
cules of food among the molecules of the air. 


11. A cut heals and you grow because of 


the production of new - ens 


12. The energy in the bodies of living 
things and the matter that composes their 
bodies are used over and over in an endless 
cycle called _-?_-. 

13. If plants and animals did not die and 
decay, finally there would be few living 
things. 


SCIENTIFIC PRINCIPLES - 1. "Every liv- 
ing cell is composed chiefly of carbon, 
hydrogen, oxygen, and nitrogen. 

2. "The body of every living thing is. 
composed of one or more cells. This prin- 
ciple is often stated thus: The cell is the 
unit of structure of living things. 

3. "Every living cell is made up of pro- 
toplasm. 

4. PCells that make up different tissues 
and organs differ from one another, more 
or less, in size and form and in the com- 
position of their protoplasm. 

5.”The building of new protoplasm 
and the breaking down of old protoplasm 
are going on constantly in every living 
thing. 

6. PProtoplasm changes food into other 
forms of energy and into more protoplasm. 

7. Materials pass into and out of cells 
by osmosis. 
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Insect 


Frog, an amphibian 


The life cycles, or life histories, of six common 
animals. Some of the terms used here will be 
explained later. Can you follow the stages in 
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= 


Snake, a reptile 


Cat, a mammal 


Chicken, a bird 


these life cycles? In which of the six life 
cycles is every stage different in appearance 
from every other stage? 


ee, 
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8. "Growth, reproduction, the healing 
of injuries, and the replacing of dead cells 
result from the multiplication of cells. 

9. "Cells increase in number by dividing. 

10. "Through death and decay the mate- 
rials that compose the bodies of living things 
are used over and over in an endless cycle. 


SCIENTIFIC TERMS 


Ecol "organ 

Tcytoplasm organ system, or "system 
*diffusion Tosmosis 

Tfunction Tprotoplasm 

{membrane *tissue 

*nucleus 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
1. One day the teacher brought a peculiar- 
looking object into the general-science class. 

"Is it animal, vegetable, or mineral?" 
she said. “Is it alive, or was it ever alive?” 

The boys and girls examined the object 
carefully. 


Roasting meat for a Texas barbecue. How is 
the eating of this meat related to the matter- 
and-energy cycle? 


The Cattleman 
— aA , 


"Well, it's hard, black, and dry," said 
Mary. “I think that it is a mineral. I never 
saw a plant or an animal, dead or alive, 
that looked anything like that." 

“I never have seen anything like it before, 
either," said Bob, “but there are lots of 
kinds of living and non-living things I 
haven't seen. You tell us what it is, Miss 
West.” 

"No," Miss West replied, smiling. ‘I 
should like you to find out for yourselves 
as nearly as you can.” 

“How can we find out?" half a dozen 
asked at once. 

"I will tell you tomorrow,” said the 
teacher. “But meanwhile try to think of 
ways in which you may be able to find out 
for yourselves." 

What scientific attitudes are indicated in 
this conversation? 

2. What scientific attitudes are illustrated 
under “ Milestones of Science"? on page 360, 
where Hooke's discovery of cells is de- 
scribed? 

3. On page 364 is the statement ‘‘ No two 
cells, even those of the same kind, are ever 
exactly alike." Do you think that this 
statement is a principle, a theory, or a 
hypothesis? Justify your answer. 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. A hen's egg is much like a cell. 
What parts of the egg correspond respec- 
tively to the nucleus, the cytoplasm, and the 
cell wall or cell membrane of a living cell? 
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2. A few people have lived for as long 
as sixty days without food, but not many 
could live even three or four days without 
water. Explain. 

3. How is the saying "Ideas change as 
knowledge grows” illustrated by the mile- 
stone of science on page 360? 

4. Could a one-celled plant or animal 
have organs? Explain. 

5. Can you explain why dried beans 
and dried peas swell when they are put into 
water? 

6. Every living cell has both potential 
and kinetic energy. Explain. 

7. Every seven years you have a brand- 
new body" is a common saying. Is it true, 
only partly true, or entirely untrue? Explain 
your answer. 

8. Why will salt, when spread on weeds, 
cause them to dry up and die? 

9. A scientist recently stated, “Every 
time we breathe, we inhale 10 molecules of 
air that Julius Caesar exhaled." How is 


this statement related to the matter-and- 
energy cycle? Did the scientist mean exactly 
what he said? Explain. 

10. Unless a substance can be dissolved, 
it cannot be used by the plant or animal 
cell. Explain. 


TOPIC FOR INDIVIDUAL STUDY - Con- 
sult a textbook of biology to determine how 
desert animals, such as the camel, and desert 
plants, such as the cactus, can go long 
periods without taking in water. 


EXPERIMENT - Does potassium perman- 
ganate or copper sulfate dissolve and diffuse 
in water? Drop a crystal of potassium 
permanganate or copper sulfate (blue vit- 
riol) into a tumbler or beaker that is about 
half full of water. Place the beaker where 
it will not be disturbed. Observe the 
contents of the beaker for a few minutes. 
Can you observe any change? Repeat your 
observations at intervals during the day. 
What do you observe? Answer the question 
at the beginning of the experiment. 
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PLANT LIFE 


1. How Are Plants Grouped, and What Are the Major Groups 
of Plants? 


ANCIENT SEA DWELLERS - Beside one of 
the highways in Glacier National Park is a 
sign that directs attention to a certain sedi- 
mentary’ rock. In the surface of this rock is 
fossil? evidence of some of the earth’s early 
inhabitants. These pioneers were simple 
water plants that lived in the ancient ocean 
that once covered the region where Glacier 
National Park now is. Scientists believe 
that these primitive organisms were green 
plants, and hence independent organisms, 


"Pages 265-267. *Pages 266-267. 


INDEPENDENT AND DEPENDENT OR- 
GANISMS - Probably at some time or other 
you have got grass stains on your clothing. 
The green stain was chlorophyll.? Chloro- 
phyll is the material that gives trees, vege- 
tables, grasses, and most other plants their 
green color. Hence the term green plant 
means a plant that has chlorophyll in the 
cells of its leaves, stems, or other parts. 
Similarly, the term non-green plant means a 
plant that has no chlorophyll. 


Chlorophyll (klo'ro ftl). 


Animals either eat plants, or they eat other animals that eat plants. Can you plan 
another series of drawings that would illustrate this principle? These three drawings 
together illustrate a “food chain” (illustration, p. 5) 


*Because green plants have chlorophyll, 
they can do what no non-green plants and 
no animals can do. They can make all the 
food that they need. Hence green plants 
are independent organisms. Non-green plants 
and all animals are dependent organisms. 
They have to depend on green plants for 
their food supplies (illustration, p. 374). 


HOW LIVING THINGS ARE CLASSIFIED - 
*All biologists use the same general scheme 
for classifying plants and animals. They 
first put all the plants into one great group 
and all the animals into another. They then 
divide each of these two great groups into 
several smaller ones. They further divide 
these several groups again and again. The 
members of every group are all similar to 
one another with respect to certain struc- 
tures of their bodies. 

Each smaller group, or division, includes 
fewer kinds than the preceding one. Also, 
the fewer the kinds that a group contains, 
the more closely alike in structures are all 
its members. Thus all the flowering plants 
are put into one great group. Think of the 
various kinds of flowering plants that you 
have seen in gardens, in fields and woods, 
in parks, and in florist shops. How very 
different from one another the different 
kinds are! Then think of only the different 
varieties of roses or apple trees that you have 
seen, It is obvious that the members of the 
group that contains all the flowering plants 
differ far more among themselves than the 
members of a minor group that includes 
only one kind of flowering plant. 

Think now of a large animal group. 
Consider, for example, the one that includes 
the animals with fur, the birds, the reptiles, 
the frogs and their relatives, and the 
fishes. Certainly these animals resemble 
one another less closely than the members 


of the minor group that contains only the 
cat-like animals (cats, lions, tigers, and 
leopards). But the cat-like animals resemble 
one another less closely than the members 
of the still smaller group that includes only 
the different varieties of cats. 


THE FOUR GREAT GROUPS OF PLANTS - 
Biologists classify all plants into four great 
groups! (illustration, p. 376). They estimate 
that there are about three hundred thousand 
kinds of plants. 

The lowest plants. The lowest of the four 
great groups of plants includes those with 
the simplest structures (illustration, p. 376). 
These are the algae and the fungi.? Most 
algae and fungi are microscopic one-celled 
plants. Algae that scientists believe to be 
much like the pioneer plants mentioned 
earlier live in the oceans today. Also, algae 
of many kinds live in the soil and in streams, 
lakes, and ponds. 

On any ocean beach you will find various 
kinds of sea-weeds. These are many-celled 
algae. One kind, the giant kelp of the 
Pacific coast, sometimes grows to be several 
hundred feet in length. You have probably 
seen also, in lakes and ponds, patches of 
thread-like green algae. PAI algae have 
chlorophyll and hence are independent 
organisms. 

The kinds of fungi that you are likely to 
know about are bacteria, yeasts, molds, and 
mushrooms.’ If youlive ona farm, probably 
you know also about the fungi that some- 
times ruin crops. These fungi include rusts, 
smuts, blights, rots, mildews, and wilts. 
All fungi are without chlorophyll. Hence 
they are non-green plants and are dependent 
organisms (illustrations, pp. 376 and 385). 


1Called phyla (fila); singular, phylum (fi'lüm). 
2Fungus (füng'güs); plural, fungi (fün'ji). 
3Page 385, “As Scientists Work and Think,” No. 1. 
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no 
Algae an 


d fungi 


Qus. 


"T" r ; , s 
Ferns and a relativ Flowering plants 


Mosses and a relative 


Members of each of the four great groups of plants. What advantages do you think 
are gained from classifying living things? 


The importance of algae and fungi. Algae are plant or an animal is important to man if its 
of relatively little importance to man.! 


way of living makes man’s survival? either 
Fungi, however, are of great importance. A 


"Survival (sér viv'ál): (of an individual) continuing 
to keep alive; (of a kind of organism) continuing to 
exist on the earth for a long period of time. 
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'Page 386, "Applying Your Knowledge of Science," 
No. 1. 


| 


more easy or more difficult. Those organ- 
isms that make his survival easier are mostly 
the ones that he can use for food or for other 
important purposes. Those that make his 
survival more difficult are mostly disease 
germs that attack him or his domestic 
plants and animals. 

Some fungi are parasites! A parasite is 
a plant or an animal that lives on, or inside 
the body of, another plant or animal. The 
plant or animal that a parasite inhabits is 
the parasite’s host. Usually a parasite feeds 
upon its host. But in every case it injures its 
host in some way. 

The fungi that are not parasites are mostly 
saprophytes.? A saprophyte is a plant whose 
food is dead and decaying organic? matter. 
This organic matter consists of the bodies of 
dead plants and animals, their parts (such 
as feathers, leaves, skins), or their products 
(such as milk and eggs). Common sapro- 
phytes are mushrooms and the molds that 
grow on cheese, bread, ham, or other foods. 

Intermediate groups of plants. The 
second of the four great groups of plants in- 
cludes the mosses and their close relatives 
(illustration, p. 376). The third is made up 
of the ferns and a few other relatively small 
groups of plants that closely resemble ferns 
in structure. All the plants of both these 
great groups have chlorophyll and hence 
are independent organisms. The plants of 
neither of these two groups are of much im- 
portance to man. 

The highest group of plants. The 
flowering, or seed-bearing, plants make up 
the highest group. They are the plants with 
the most complex structures. Most of them 
have roots, stems, and leaves, in addition to 
flowers and many other structures. With 


1* Parasite (pár'à sit). Parasitic (par à sit 'Yk): having 
to do with or caused by a parasite. 
2Saprophyte (s&p'ro fit). 3Page 252, ftnt. 1. 


few exceptions they have chlorophyll and 
can make their own food. Hence they are 
independent organisms.* 

Desirable flowering plants. *This group is the 
one of greatest importance to man. It in- 
cludes most of the crop plants. Among these 
are practically all the grain, fruit, and vege- 
table plants (illustration, p. 378). Hence 
the flowering plants may be said to feed the 
world. In addition, flowering plants supply 
lumber, materials for making cotton, rayon, 
and linen cloth, and innumerable other ar- 
ticles and products that are important in our 
civilization. 

Undesirable flowering plants. There are 
great numbers of valuable flowering plants 
besides those just indicated. But there are 
also many undesirable ones. Common ones 
among these are poison oak and poison ivy. 
Others are rag-weed and many other plants 
whose pollens? cause diseases called aller- 
gies.» Still other undesirable plants are 
weeds.) Weeds injure man indirectly when 
they grow among his crop plants. They 
compete’ with the crop plants for sunlight 
and for water and minerals in the soil. Thus 
fewer of the crop plants are able to grow to 
maturity and produce their desired prod- 
ucts. Hence man’s supplies of foods and 
other agricultural products are reduced. 

Chemists have already made some prog- 
ress toward inventing selective? weed-killers. 
These kill certain abundant kinds of weeds, 
but leave unharmed the crop plants among 
which the weeds are growing (illustration, 
p. 379). 


4Page 375, col. 1. 5Page 25, ftnts. 3 and 4. 

Weed: any plant that is growing where it is not 
wanted. Rose bushes in a wheat field would be weeds; 
so would wheat plants in a rose garden. 

"Compete (köm pet'): to strive, as rivals, for some- 
thing. 

8Selective (se lék’tiv): tending to select or to affect 
only certain individuals or certain kinds. 
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2. What Are the Principal Structures of Seed-bearing Plants, 
and How Do They Function? 


UNNOTICED FLOWERS - How many flow- 
ering plants do you know to be flowering 
plants from just your own observations? 
You are familiar, of course, with those that 
are grown in flower gardens, in parks, and 
in people's homes. If you live in a city, you 
probably know many of those that are dis- 
played in florists’ shops. If you live in the 
country, you know the common wild flower- 
ing plants that grow in the fields, beside the 


roads, and in the woods. But wherever you 
live, there are probably many seed-bearing 
plants that you have often looked at while 
they were blooming and yet did not see their 
blossoms. 

Have you, for example, seen the flowers of 
a maple tree or those of a fir, juniper, spruce, 
or other evergreen? Have you ever noticed 
the attractive green flower of jack-in-the- 


pulpit? 


These flowering plants serve a different purpose from any mentioned on page 377. 
What is this purpose? Do you see in this illustration any plants that you think are 
not green plants? flowering plants? 


E WAT UN cat 7 
3 jà A de nin a. 
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Better Homes and Gardens 
"^ 


Du Pont Magazine 


Killing poison ivy around “the old swimming hole.” Topic for Individual 
Study: Weed-killers 


THE PROCESS OF FOOD-MAKING BY 
FLOWERING PLANTS AND OTHER GREEN 
PLANTS - *Photosynthesis! is the most im- 
portant of all manufacturing processes in the 
world. Photosynthesis is the chemical proc- 
ess by which green plants change water and 
carbon dioxide into food. The chlorophyll 
in their cells enables them to do this. But 
they can make food only when sunlight 
falls upon their chlorophyll. 

There are many stages in the process of 
food-making. Sugar is produced in an early 
one, along with much oxygen. Some of the 
sugar supplies the cells that make it with the 
food that they need in order to grow, multi- 
ply, and carry on all their other activities. 


1* Photosynthesis (fo tō sin'the sis). 


The rest of it becomes part of the sap’ of the 
plant. 

The cells in all parts of the plant take 
from the sap what food they need. All the 
surplus food is stored in the leaves, roots, 
fruits, and other structures. Some of the 
sugar is stored directly. The rest must be 
changed by the cells of these structures into 
starches, proteins,’ fats, and oils. Not only 
sugar, but these other substances too, are 
energy foods. They will be discussed later. 

Atomic research and photosynthesis. 
At present the only means of adding to the 

2Sap: the watery liquid that carries dissolved min- 
erals, food, and other needed substances to all the 
living cells of a plant, and carries away all the waste 


materials from the cells. 
3 Protein. (pro’té in). 
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‘Spaces among the 
food-making cells 


The structures of a typical leaf. The area marked by the oblong on the leaf at the 
right is enlarged at the left. Name the functions that leaves perform and name the 
structure or structures that perform each of them 


world’s food supply is by growing more and 
bigger crops of food plants. But atomic 
scientists are now experimenting with radio- 
active substances in the hope of finding out 
how chlorophyll! makes food. If they suc- 
ceed, it may become possible to build food 
artificially out of water and carbon dioxide, 
as green plants do. 


TYPICAL PLANT STRUCTURES - Leaves. 
Photosynthesis is carried on chiefly in the 
leaves. Some, however, takes place in the 
stems and even the flowers, provided they 
are green with chlorophyll. 

If you study leaves, you will notice that 
they vary greatly in form and size. You will 
notice too, that "the leaves are so arranged 
on the plant stems and branches that they 


!Page 374, col. 2. 


shade one another as little as possible. Also, 
you will observe that every leaf is turned so 
that it exposes to the sunlight as much of its 
surface as possible. You will further observe 
that some plants grow in bright sunshine, 
while others can live only in partial sunshine 
or in deep shade. 

Leaf structures. The illustration on this 
page shows the structures of a typical? leaf. 
The top and the bottom of the leaf are 
protected with epidermis. This epidermis 
is a tissue made up of a single layer of flat 
cells. Between the upper epidermis and the 
lower epidermis are the cells that contain 
chlorophyll. It is in these cells that prac- 
tically all the food is made. In the lower 

"Page 6, ftnt. 2. b 

Epidermis (čp Y dûr'mïs); the thin outer coverings 
of plant structures or the outer skin of an animal. 
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epidermis are openings, or pores. These are 
called stomata.! These openings allow air 
to enter the leaf and to pass out of it. 

The water needed for photosynthesis does 
not get into a plant through the stomata. 
It enters the plant’s roots from the’soil. It 
passes to all parts of the plant through struc- 
tures that will be described later. It reaches 
the food-making cells of the leaves through 
the leaf veins. It passes from them, and from 
cell to cell in the leaves, by osmosis.” 

Evaporation from plant leaves. Much greater 
quantities of water are supplied to plants by 
their roots than the plants use. All that is 
not needed passes through the cell walls of 
the leaves. There it evaporates into the 
spaces among the leaf cells. Thence it 
diffuses? out through the leaf pores into the 
air. This process of evaporation of water 
from plant leaves is called transpiration.* 

Gases used and produced by green cells. *As 
has been indicated,® Pall animal cells and 
all plant cells are using oxygen all the time 
to burn food and thus to secure energy. This 
burning produces carbon dioxide and 
water. During daylight hours, however, 
when the green cells of plants are making 
food, they use carbon dioxide from the air 
in addition to what results from the oxida- 
tion that is constantly going on inside them. 
At the same time they produce more oxygen 
than the plant needs. The surplus oxygen 
passes out of the cells into the spaces around 
them inside the leaf. Thence it passes through 
the leaf pores to the outside. 

During the hours of darkness, however, 
the cells use oxygen from the air and give off 
carbon dioxide as a waste product. But the 
green cells make far more oxygen while they 


1Stomata (sto'ma ta) or stomates (sto’mats); singular, 
stoma (sto'mád) or stomate (sto'mat). 

?Page 366, col. 2, def. *Page 366, ftnt. 2v def. 

‘Transpiration (tran spi ra’shtin). 

5Page 367, col. 1. 


are making food than the whole plant uses 
during the entire day and night. 

The oxygen-carbon dioxide cycle. *As has just 
been stated, green plants use carbon dioxide 
from the air and add oxygen to the air. 
Animals do the opposite. They constantly 
use oxygen from the air and breathe carbon 
dioxide into it. Thus each of the two groups, 
the animals and the plants, supplies a sub- 
stance that is essential to the other. Conse- 
quently each group makes the continued 
life of the other possible. 

*The carbon dioxide and the oxygen are 
used over and over in an endless cycle. 
This constant exchange is called the oxygen- 
carbon dioxide cycle (illustration, p. 382). 

Stems. The stems of many green plants 
grow underground. Onions and other plants 
that grow from bulbs are examples of such 
plants. So also are white, or “Irish,” pota- 
toes and the common ferns. Buds on the 
underground stems produce leaves and, in 
many of the higher plants, flower stalks 
also. The leaves of some of these plants—the 
fern, for example—look like stems. 

*The stems of most green plants grow up- 
ward from the ground. The chief function 
of such sterns is to hold the leaves up into the 
sunlight. If any green plant fails to get 
enough sunlight so that it can make all the 
food that it needs, it starves to death. Hence 
there is a constant struggle among plants for 
sunlight. The ones that grow fastest are 
able to shade slower-growing ones. Thus 
they survive, but often the plants that they 
shade die. In any grove you can find trees 
that are starving or have starved to death 
because they could not get enough sunlight 
to make sufficient food. Also, in any dense 
evergreen grove you will see, on living trees, 
lower branches that are dead. Such 
branches died because too little sunlight fell 
on their food factories (their leaves). 
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The oxygen-carbon dioxide cycle. How would you explain this picture to somebody 
of your own age who had never heard of this cycle? 


Stem structures. The illustration on page 
383 shows the types of plant stems. A is a 
typical woody stem. Such stems have an 
outer, protective layer. This is usually 
called bark, but it is composed chiefly of 
cork. In a mature woody stem the fibro- 
vascular! bundles form a cylinder. When 
you examine the cut end of such a stem, you 
see the fibrovascular bundles as a ring. 

A fibrovascular bundle consists of three 
regions. The outside region is the phloem.? 


YFibrovascular (fi bro vas’kii lér). 
!Phloem (flo'ém). 


The phloem is made up of vertical, tube- 
like, thin-walled cells. The food that the 
plant makes passes down through these cells 
to all parts of the plant. 

The inside region of a fibrovascular bun- 
dle is the xylem.? The xylem is composed of 
thick-walled, tube-like cells, ‘The 
water taken from the soil by the roots passes 
up through the xylem cells to the leaves. 

The middle region of a fibrovascular bun- 
dle is the cambium.* The cambium region 
is the part of the stem where its growth in 


3Xylem (zi'l&m). 


wood 


Y "X 
*Cambium (kXm'bt tim). 


[382] 


diameter takes place. The outside cells of 
the cambium make new phloem cells. The 
middle ones form new cambium cells. The 
inside ones produce new xylem cells, or wood 
cells. Consequently, year by year, the cylin- 
der of fibrovascular bundles gets bigger 
around. The old wood cells die. Therefore, 
year by year also, the fibrovascular bundles 
shift farther from the middle of the trunk. 
The wood cells that die each year form the 
growth rings that you can see on the ends of 
cut-off logs. 

The fibrovascular bundles in such stems 
as that shown in B are scattered throughout 
the pith. In many plants having this type 
of stem, however, the stems have little or no 
pith. In such stems all the separate fibro- 
vascular bundles are crowded together in a 
tough, protective rind. You can see this 
rind if you examine the cut end of a bamboo 
fishing pole. The fibrovascular bundles of 
mature plants of this type have no cambium. 
Such stems grow bigger around by produc- 
ing more fibrovascular bundles. 

Plants grow taller and branches grow 


longer from the growth of buds at the ends 
of the stem and the branches. 

Roots. Plant roots serve two important 
functions: They hold the plant upright in 
the ground. They absorb water and dis- 
solved minerals from the soil. This soil 
water is needed for photosynthesis.’ Also, 
it and the minerals that are dissolved in it 
are essential for making new tissues. 

Root structures. Plant a dozen or so radish 
or mustard seeds, barely cover them with 
soil, and then water the soil. In a few days 
the seeds will sprout. Each will have a root 
surrounded by many hair-like growths. 
These growths are root hairs. Each root 
hair is just one cell. 

As has been stated,” every particle of soil 
has a film of water on all its surfaces. The 
root hairs grow out among the soil particles. 
The soil water and the dissolved minerals in 
it pass into the root hairs through their cell 
walls. In the same way they pass inward 
from cell to cell. Finally they enter the 
fibrovascular bundles of the roots. They 

IPage 379. ?Page 48, col. 2. 


A, stem structures of such a plant as a bean or a peanut plant or almost any orchard 
tree; and B, of such a plant as a palm tree or a corn plant. Compare these plant 
stems by listing ways in which they are alike and ways in which they are different 


Epidermis 


Fibrovascular bundles 
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pass upward through these fibrovascular 
bundles to all parts of the plant. 

All the fibrovascular bundles of a plant 
form one continuous system of cylinders. A 
cylinder of fibrovascular bundles extends 
through each small root. The cylinders in 
smaller roots join larger ones in larger roots. 
All those from all the roots join to make one 
great cylinder. In a stem such as A (illustra- 
tion, p. 383) this great cylinder extends up- 
ward through the stem. It branches and 
thus forms smaller cylinders, which extend 
through the limbs. The branching con- 


tinues into and through smaller and smaller 
limbs and twigs. Finally the many-branched 
cylinders of fibrovascular bundles become 
leaf veins. 

In a stem such as B the great cylinder at 
the base of the stem divides into separate 
fibrovascular bundles. These extend up- 
ward through the stem and into the leaves. 

Flowers. The flowers of a seed-bearing 
plant contain the organs of reproduction. 
These organs, and the ways in which flower- 
ing plants produce more plants like them- 
selves, will be discussed later. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 374-377. 1. Only 
green plants have protoplasm, and therefore 
only green plants can make food. 

2. All living things are classified by their 
structures. 

3. Name the four great groups of plants. 

4. None of the algae has chlorophyll, and 
therefore none can make its own food. 

5. A shelf fungus growing on a rotting 
log is a parasite. 

6. Most of the world’s food is produced 
by the highest group of plants, namely, the 

5 

Pages 378-384. 7. If all green plants 
should stop carrying on photosynthesis, in 
time there would be no more food in the 
world. 

8. A food that is produced in the process 
of photosynthesis is ~_?__. 

9. Photosynthesis is carried on only in 
the parts of plants that contain ..?... 

10. As a result of photosynthesis, green 
plants increase the amount of (1) oxygen; 
(2) carbon dioxide; (3) water; (4) sugar; 
(5) nitrogen in the air. 

11. Animals keep adding to the air ~ -? 


e» 


which plants need for carrying on photo- 
synthesis. 

12. Transpiration takes place chiefly from 
plant stems. 

13. Green plants produce food chiefly in 
their flowers. 

14. The chief function of plant stems is to 
carry on photosynthesis. 

15. Cambium cells in the fibrovascular 
bundles of a stem cause the stem to grow 
taller. 

16. State two important functions of 
plant roots. 

17. The chief function of flowers is repro- 
duction. 


SCIENTIFIC PRINCIPLES - 1. "All green 
plants contain chlorophyll and hence can 
make their own food. 

2. PThe leaves of plants grow in ways 
that expose to the sunlight as much as pos- 
sible of their surfaces. 

3. "By the process of photosynthesis green 
plants change the sun's energy to energy 1n 
the form of sugar. 

4. PAll non-green plants and all animals 
are dependent on green plants for food. 
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New York Botanical Garden 
A “fairy ring” of field mushrooms on a Colorado ranch. Can you think of a reason 
why the mushrooms grow in an expanding ring? 
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5. "Green plants produce oxygen, which 
all living things must have; and all animals 
produce carbon dioxide, which green plants 
must have. 


6."Plants take in water through their 
roots and get rid of surplus water through 
their leaves. . 


SCIENTIFIC TERMS 


*chlorophyll Tnon-green plant 
classify *parasite 

Tepidermis *photosynthesis 

{fungi tsap 

{green plant Tsaprophyte 

*host {transpiration 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 1. 
Several members of the general-science 
class were taking a hike through the woods. 

* Oh, see the mushrooms !? said Ellen. 

“Mushrooms!” said Tom. “How do 
you know they're mushrooms and not toad- 
stools?” 

“I don’t know. But I could test them," 
said Ellen. * That old man that lives alone 
down by the creek told me how. If one of 
those things peels easily, it's à mushroom. 
"That's one way to tell. And here's another 
way: You boil the thing with a bright piece 


of silver, and if the silver doesn’t turn black, 
then you know you have a mushroom." 

“That isn't what Miss West says," said 
Tom. “And she ought to know because 
she's studied a lot of botany. First, she 
says that mushrooms and toadstools are all 
the same. They're all mushrooms. Then 
she says that there isn’t any easy way to tell 
whether a mushroom is safe to eat or not. 
You just have to learn, from somebody who 
knows or from a mushroom book, which 
ones are safe, and you must leave the rest 
alone.” 
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The crop plants on a fairly large farm transpire in one growing season as much water 
as a fairly large farm pond contains. How is transpiration related to the water cycle!? 


'Page 145, col. 2. 


"I don’t like that old man anyway,” 
said Betty. “I wouldn't pay any attention 
to anything he’d say.” 

“That’s silly,” said Ellen. “He might be 
able to teach you a lot even if you don’t 
like him." 

“Well, science is good enough for me," 
said Tom. “I’m going to take Miss West's 
advice. And, anyway, I’m not going to 
do any experimenting on myself to find out 
whether a mushroom is poisonous or not.” 


Which scientific attitudes are indicated 
in this conversation? 

2. The need for which of the elements of 
scientific method is indicated in the para- 
graphs entitled “Unnoticed Flowers" (p. 
378)? 


CONSUMER SCIENCE - 1. How may the 
uncontrolled use of weed-killers affect you 
as a consumer? 


2. Do you use any fungi as food? If so, 
which ones? 


5. List some plants whose roots are 
edible or have other valuable uses. List 
some whose stems, flowers, sap, or leaves 
are edible or are otherwise of value. 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. Only about one tenth of photo- 
synthesis is carried on by land plants. Nine 
tenths of it is done in the ocean by mi- 
croscopic algae. Can you think of a food 
chain! of which these algae are the first 
link and you are the last? 

2. When fuels burn, the heat energy re- 
sults from the changing of energy of sunlight 
that had been stored in plants. Explain. 

3. List some of the “innumerable other 
articles and products" referred to in the 
paragraph under “Desirable flowering 
plants” on page 377. 

4. Can you explain why watering the 
leaves of a drooping plant is unlikely to 
revive the plant? 


'Page 4, col. 2, and page 374, il. 
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ANIMAL LIFE 


1. What Are the Major Groups of Animals? 


AN ANIMAL CENSUS - What animals do 
you have at your house? If you were asked 
this question, you would naturally think 
first of your pets, if you have any. If you 
have none, you might reply, “We haven't 
any animals at our house.” But you do have, 
nevertheless. There are animals of some 


kinds in every room of everybody’s house.- 


There are always microscopic animals on the 
surfaces of the furniture and on other sur- 
faces. Also, such animals are always part 
of the house dust. Almost certainly there 
are flies, spiders, and moths somewhere 
about the house. If a biologist were to take 
an animal census in your home, his results 
would probably astonish you. He would 
probably find many different kinds of ani- 
mals that share your shelter, attack you, 
compete with you for your food, or destroy 
your possessions. 

Some of the animals that would be in- 
cluded in such a census might not seem to 
you to be animals. Yet most biologists 
would place each of them in one of the ten 
great groups into which they classify nearly 
all animals. 


INVERTEBRATES - *The animals in the 
first nine of the major groups are called in- 
vertebrates! (illustration, p. 388). An inver- 
tebrate is an animal that has no backbone. 

In general, Pthe higher an animal is in the 
scale of life, the more complex are its struc- 


1*Invertebrate (in vr^té brat). 


tures. Hence the protozoans, which have 
the simplest structures, are not only the 
lowest invertebrates, but also the lowest ani- 
mals. The arthropods’ are both the highest 
invertebrates and the most numerous group 
of animals. The arthropods are the insects? 
and their relatives. 


VERTEBRATES - The animals of the tenth 
and highest group are the chordates.‘ Of 
the chordates, only the vertebrates? are of 
much importance. There are five important 
groups of vertebrates. A member of each of 
these five groups is shown in the illustration 
on page 389. You will learn about other 
groups of chordates and of vertebrates when 
you study biology. 

Every vertebrate has a skeleton, or frame- 
work, of bones inside its body. An essential 
part of this skeleton is the backbone. The 
backbone is made up of separate bones, 
called vertebrae,? jointed together. Can 
you see now why these animals are called 
vertebrates? A nerve cord (the spinal’ cord) 


2Arthropod (är'thrō pód): an animal with a jointed 
body that has a hard, protective structure, or skeleton, 
completely covering the outside of its body. 

3An insect is an arthropod with these characteristics: 
three distinct body regions; three pairs of legs, at- 
tached to the middle body region; and usually one 
or two pairs of wings, also attached to this middle 
body region. 

4Chordate (kor'dat). 

5*Vertebrate (var'té brat). 

SVertebra (var'té bra); plural, vertebrae (vàr'te bre). 

"Spinal (spi'nal). 


[387] 


A 


extends from the vertebrate’s brain down 
through the backbone. 

Many invertebrates besides arthropods 
have skeletons covering the outsides of their 
bodies. These skeletons are usually com- 
posed of hard, horny material or of shell. 

The highest vertebrates are the mammals. 


1Mammal (mäm’ăl). 


The mammals are the highest animals, that 
is, the ones with the most complex structures. 
Biologists include man in this group. The 
mammals have two unique characteristics, 
which set them apart from all other animals: 
They are the only animals that feed their 
young on milk. Also, they are the only 
animals that have hair. 


Some members of each of the nine great groups of invertebrates. With how many 
of these animals are you familiar? 
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phibian 


Reptile 


A member of each of the five highest groups (classes) of vertebrates. “The order 


of these groups from simplest to most complex in structures is fishes, am- 


phibians, reptiles, birds, m 


ammals. To which of these groups do the chim- 


panzee (p. 361, left) and the orangutan (p. 361, right) belong? 


2. How Do the Lower Animals Affect Man ^5 Welfare? 


HOW ANIMALS HELP OR HARM MAN - If 
you were asked to name the groups of ani- 
mals that you think affect man's welfare 
most strongly, which groups would you 
name? How would you decide which groups 
to include in your list? 

Most kinds of animals are of little impor- 
tance to man. Their ways of life do not 
make man's survival either easier or more 
difficult. Almost all the animals that are 
important to man are in six of the ten major 
groups. These six groups are the protozo- 


ans, the flat-worms, the round-worms, the 
mollusks,! the arthropods, and the chor- 


‘dates. These groups affect human welfare 


chiefly in three ways: 

Some cause diseases in man or his domestic 
animals. 

Some serve man as sources of food or use- 
ful products, such as shells, leather from 
hides, and drugs from glands. 

Some work for man when he forces them 
to do so. 

1 Mollusk (möl'üsk). 
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HOW THE SIMPLER INVERTEBRATES 
AFFECT MAN’S WELFARE - Some serious 
human diseases are caused by certain para- 
sitic! protozoans, flat-worms, and round- 
worms. The germs of malaria, yellow 
fever, and amebic dysentery? are protozoans. 
Tape-worm disease is caused by a flat- 
worm. Hook-worm disease and trichinosis! 
are produced by round-worms. Other hu- 
man diseases, most of them less serious than 
the ones just named, are also caused by cer- 
tain protozoan, flat-worm, or round-worm 
parasites. Some serious diseases of domes- 
tic animals are caused by still other mem- 
bers of these three invertebrate groups. Such 
diseases include gape-worm disease in chick- 
ens and liver-fluke disease in sheep. 

.Mollusks are chiefly important to man be- 
cause several kinds are prized as food. 

lPage 377, col. 1. — ?Malaria (ma l&'t à). 


SAmebic (à me'bik) dysentery (dïs'čn tër Y). 
ATrichinosis (trik Y no'sis). 


Taking lobsters from a lobster pound in Maine. 
Do you think that the lobsters are kept in fresh 


water or in ocean water? Explain 
H. Armstrong Roberta, 


Clams, oysters, and abalones are eaten in 
great quantities. They are sold as shell-fish, 
though they are not even closely related to 
the fishes. In various parts of the world 
other mollusks, such as octopuses, squids, 
and snails, are considered choice foods. A 
few mollusks, however, compete with man 
for his food supply. Some snails, for ex- 
ample, are pests that do considerable dam- 
age to garden and farm crops. 


HOW THE HIGHEST INVERTEBRATES 
AFFECT MAN'S WELFARE - In helpful ways. 
Most of the invertebrates that are valuable 
or harmful to man are among the arthro- 
pods. Fewer of these animals, however, are 
man's friends? than are his enemies. Mem- 
bers of this group make man's existence 
easier chiefly in three ways: 

By increasing the crop yields. Bees, butter- 
flies, and some other insects are the chief 
pollinating’ agents. It has been estimated 
that bees earn fifteen times as much for 
farmers by pollinating crop plants as they 
do by making honey. Earthworms are of 
great value in enriching the soil. 

By serving as suitable and available food. 
Crabs, lobsters, shrimps, and crayfish’ are 
eaten the world over (illustration, left). 
These animals are called shell-fish, just as 
edible* mollusks are, but for no better reason. 

By supplying a few products that man. uses. 
A few insects make such substances. Honey, 
bees-wax, and silk are familiar examples. 
The webs of one kind of spider are used, in 

Friend in this sense means any organism or any 
condition that makes survival more easy. An enemy 
is any organism or any condition that harms another 
organism in any way or that makes its survival difficult 
or even impossible. 

*Pollinate (pGl't nat): to transfer pollen from one 
flower to another of the same kind. 

"In some parts of the country crayfish are com- 
monly called “crawfish” and in other parts “crabs. 

"Edible (Éd't b'l): serving as wholesome food. 
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Rocky-Mountain- 
fever tick 
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Four arthropod enemies of man. The corn-ear worm is the larva of a moth (illus- 
tration, p. 370). In what way does each of these animals make man’s survival 
more difficult? 


parts of Asia, in round nets for capturing 
small fish. Strands of the webs of other 
spiders are used for the cross hairs in survey- 
ing instruments and some other optical! in- 
struments. 

In harmful ways. The insects and their 
relatives make man's survival more difficult 
chiefly in four ways: 

By causing diseases indirecily® in man and his 
domestic animals. Flies carry the germs of 
‘Page 196, ftnt., leg. s 

2A plant or an animal causes a disease directly if it 
itself makes another organism sick, as a disease germ 
does. A plant or an animal causes a disease indirectly 
if it carries the disease germs from a sick individual 
to a well one that then takes the disease. 


a eee 


tuberculosis, typhoid, and many other dis- 
eases on their bodies. Hence they leave 
the germs on food and everything else that 
they touch. The common housefly is the 
most dangerous animal enemy that man 
has because of the diseases that it indirectly 
spreads in this way. 

Some arthropods become infected with 
disease germs by biting people who have the 
diseases. Thus they get the germs into their 
bodies. Later they transmit the germs to 
well people by biting them. A certain kind 
of mosquito spreads malaria in this way. 
Another transmits yellow fever. A certain 
kind of tick spreads Rocky Mountain spotted 
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fever (illustration, p. 391). A body louse 
transmits typhus germs. The rat flea spreads 
bubonic plague. 

Just as these arthropods transmit diseases 
indirectly to people, so others transmit dis- 
eases indirectly to domestic animals. Prob- 
ably the most serious disease of this type is 
Texas fever in cattle. 

By eating man’s crops. Arthropods compete 
with man for almost every crop that he 
raises. Among the worst of such enemies 
are the Japanese beetle, the corn-ear worm, 
and the corn-borer. If you live on a farm 
or tend a garden, you can no doubt make a 
long list of such pests. 

By preying upon, or attacking, man or his do- 
mestic animals. Lice and fleas are sometimes 
parasites of man and often of his domestic 
animals, One kind of mite causes black- 
heads, and another causes itch. Still another 


Page 396, “Applying Your Knowledge of Sci- 
ence,” No. 1. 


Spraying bean plants with an insecticide. If 
you were planning to have a vegetable garden, 

where would you seek information about how 

to protect your crops against insect and other 


arthropod pests? 


G. W. Ackerman, from United States 
Department of Agriculture Extension Service 


causes scab disease on the skins of horses, 
cattle, and sheep. All such parasites live 
on the blood or other body fluids of their 
hosts.” Bedbugs and various kinds of biting 
flies prey upon man and his domestic ani- 
mals. These enemies too are seeking blood 
for food. Black-widow spiders, tarantulas,? 
scorpions,* centipedes,? chiggers, wasps, 
hornets, and some other arthropods inflict 
on people painful wounds that occasionally 
are dangerous. 

By destroying man’s possessions. Termites 
consume wooden houses and furniture for 
food (illustration, p. 391). Moths, buffalo 
bugs (carpet beetles), crickets, silver-fish, 
and some other insects eat clothing, carpets, 
and other articles in homes. 


GETTING RID OF TROUBLESOME AR- 
THROPOD ENEMIES - Within recent years 
effective insecticides have been invented. 
The term insecticide means “‘insect-killer.” 
The insecticides, however, kill not only 
insects, but also arthropods that are not in- 
sects. ‘These latter include various spiders 
and mites. Certain insecticides are sprayed 
upon the walls or windows of houses or upon 
garments in clothes closets. Later, flies, 
mosquitoes, clothes moths, and other pests 
are killed if they merely light upon the 
sprayed surfaces or crawl over them. They 
soon die from breathing the poisonous fumes 
of the insecticides. Some of these chemical 
insect-killers remain deadly to arthropods 
for several weeks after the spraying. 

It has been found that an insecticide gen- 
erally becomes less effective if used repeat- 
edly over a long period. The reason is that 
some individual insects of kinds that the 
poison usually kills have or develop a resist- 

*Page 377, col. 1, def. 


*Tarantula (tà rán'chóó là). ‘Scorpion (skór'pt ün). 
‘Centipede (s&n'tY ped). *Chigger (chig'ér). 
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ance to it. Therefore, in spite of the spray- 
ing, such individuals survive and produce 
young. Some of these young are likely also 
to be able to resist the poison. The insects 
of this kind that cannot are killed by it. 
Therefore, in succeeding generations of 
young insects, the proportion of those that 
can resist that insecticide increases. Conse- 
quently a strain’ of the insect is finally 
produced that can resist that particular 
poison. 

To prevent such an occurrence, different 
insecticides should be used in turn. An in- 
sect that can resist one may easily be killed 
by another. 

Caution in the use of insecticides. 
Several of the newer insecticides have been 
found highly effective in killing crop pests. 
But many, if not all, of these kill not only 


the pests, but also bees and other desirable 
insects. The problem is therefore to invent 
poisons that will be selective for insects, 
just as some plant poisons are selective for 
plants.* Thus selective insecticides will kill 
certain insects, the ones that are harmful, 
and not injure others, the ones that are 
useful (illustration, p. 392). 

*It must be kept in mind that the use of 
insect poisons is accompanied by some dan- 
gers. A poison that will kill insects in houses, 
in barns, or on garden crops and farm crops 
may be more or less harmful to people and 
domestic animals. Such dangers, however, 
are likely to decrease as more effective and 
selective insect-killers are invented. The 
printed directions that accompany each 
insecticide should always be followed in 
exact detail. 


3. How Do the Higher Animals Affect Man’s Welfare? 


ANIMALS WITH BACKBONES - No doubt 
you have seen a human skeleton at school or 
in a museum. If you like to hike, you prob- 
ably have seen also, on the bank of some 
stream, the bones of a decaying fish or frog. 
Perhaps, too, in a wood or a field, you have 
come upon part or all of a bird’s skeleton. 
But have you ever seen a snake’s skeleton? 
If so, were you surprised to note that it con- 
sisted almost entirely of vertebrae with at- 
tached ribs? 


GROUPS OF VERTEBRATES - There are 
five important groups of vertebrates, or ani- 
mals with backbones. These groups are the 
fishes; the amphibians? (frogs, toads, and 
their relatives); the reptiles (snakes, lizards, 
turtles, alligators); the birds; and the mam- 


1$train: a closely related small group of plants or 


animals. 
2Amphibian (4m fib't ăn). 


mals (illustrations, p. 389). Some members 
of each of these groups affect man’s welfare 
to a greater or a smaller extent. 

The fishes. The fishes are chiefly im- 
portant as a source of man’s food and as a 
source of various oils. 

The amphibians. Toads are of some 
value in gardens because they eat plant 
pests. Frog legs are prized as food. For 
the most part, however, amphibians are of 
relatively little importance to man. 

The reptiles. Of the reptiles, the snakes 
are of most importance to man. Some 
kinds of snakes are dangerous (illustration, 
p. 394). But as a group, the snakes are more 
helpful than harmful. Many snakes are use- 
ful because they eat rats, squirrels, rabbits, 
insects, and other animals that destroy man’s 
crops and other possessions. ‘The good that 


*3Page 377, col. 2. 
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*Beware of snakes that have these markings. 
Many snakes with flat, wedge-shaped heads are 
harmless, but the harmless ones do not have pits 

between their eyes and nostrils. Some ringed 
snakes are harmless, but any ringed snake that 
has black bands between yellow ones is poison- 
For what reason do you think coral snakes 
are sometimes called harlequin snakes? (Look 


ous. 


up harlequin in a dictionary) 


Coral snake, 
or harlequin snake 


snakes do in this way, however, is probably 
balanced, in part at least, by the harm that 
they do in preying upon insect-eating birds. 
The skins of snakes, alligators, and some 
other reptiles are used as fine leathers. 

The birds. The bird group has many 
members that make man’s survival easier. 
The value of insect-eating birds can scarcely 
be estimated. It is common knowledge that 
many kinds of domestic birds are raised for 
food. It is not so well known, however, that 
the Indian cliff dwellers who lived in Col- 
orado centuries ago tamed and raised small 
flocks of wild turkeys." 

Few birds do harm to man, either directly 
or indirectly. Even most kinds of hawks 
and other birds of prey that capture an oc- 
casional chicken should be protected. They 
eat far greater numbers of animals that 
injure crops than they eat of barnyard fowl. 

The mammals. For thousands of years 
man has used mammals as beasts of burden 
and as sources of food. No doubt you can 
think of many other ways in which they are 
important to him. 

Next to the housefly, the animal that is 
man’s most dangerous enemy? is the rat. 
Rats live almost everywhere that man lives. 
They eat a large portion of his food and spoil 
a much greater portion. They kill poultry 
and eat eggs. They sometimes bring the 
germs of bubonic plague into our ports 
from Oriental countries. 


RAT CONTROL : Until recently, no very 
effective ways of reducing the rat popula- 
tion had been found. Building "rat-tight" 
Structures was too expensive for wide use. 
Using traps and poisons failed, largely be- 
cause the rats were somehow able to learn 
that these devices were dangerous to them. 

1Page 396, "As Scientists Work and Think," No. 3. 

?Page 390, ftnt. 5. 
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In 1949, however, after years of investiga- 
tion, scientists at the University of Wisconsin 
found a certain substance! that is highly ef- 
fective as a rat-killer. Furthermore, unlike 
most other rat poisons, this poison is selec- 
tive. It can be used with relatively little 
danger to man. 

The poison is used in this way: A bait 
is made by mixing the poison with dog 


food, bread, or other food that rats like. 
The rats seem unable to discover that this 
bait is dangerous to them. They continue 
to eat it day after day. From four to four- 
teen days after their first meal of it, they dic. 

The poison is effective for mouse control, 
as well as for rat control. But strangely 
enough, it is more difficult to destroy mice 
with it than rats. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) . Pages 387-388. 1. Most bi- 
ologists place all animals in nine groups of 
-:P..andone|oDe SE 

2. Most of the animals in the highest 
of the ten groups are (1) arthropods; (2) 
chordates; (3) vertebrates; (4) insects; 
(5) mammals. 

3. The highest vertebrates and also the 
highest animals are the Eee 

4. State two unique and distinguishing 
characteristics of mammals. 

Pages 389-393. 5. Name the six major 
groups of animals that are of considerable 
importance to man. 

6. State at least one respect in which 
each of these six groups is important to man. 

7. The group of invertebrates that con- 
tains the most enemies and friends of man 
is the group of protozoans. 

8. Most insecticides kill useful arthro- 
pods, as well as harmful ones. 

9. Most of the insecticides now available 
are selective. 


Pages 393-395. 11. Name five impor- 
tant groups of vertebrates in the order from 
highest to lowest. 

12. Of the five important groups of verte- 
brates, the one of least importance to man 
is the group of (1) amphibians; (2) fishes; 
(3) mammals; (4) birds; (5) reptiles. 

13. State at least one way in which each 
of the five important groups of vertebrates 
is important to man. 

14. The two most dangerous enemies to 
man among all the animals are the --?-- 
andthe e 


SCIENTIFIC PRINCIPLES - 1. "Every or- 
ganism has its enemies, which make its sur- 
vival difficult. 

2.?Some animals are protected with 
skeletons outside their bodies. 

3. "Many animals have skeletons of bones 
within their bodies. 


SCIENTIFIC TERMS 


à *insect *invertebrate — [vertebra 
i ici epoiconousitomanin HIER 
10. oto insecticide *mammal *vertebrate 
1Warfarin (wôr'fër Yn). skeleton 
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Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK .- 1. 
A man was heard to say, ‘Don’t talk to me 
about rat poisons! I've tried half-a-dozen 
kinds. The last time I used one, the dog 
ate some of it, but not a rat did. The dog 
got sick, but the rats seem to be getting 
healthier all the time. In fact, there are 
more rats about my place now than there 
were before I tried to poison them. I'm 
through with rat poisons for good.” Which 
scientific attitudes are related to this man's 
remarks? 

2. What are some of the superstitions that 
people have about snakes and other rep- 
tiles? How would you try to convince such 
people that their beliefs are false? 


3. What kinds of evidence do you think 
scientists found that convinced them that 
the cliff dwellers tamed and raised turkeys? 


CONSUMER SCIENCE - 1. It is estimated 
that every year rats destroy between one 
tenth and one fourth of all the corn that is 
grown in the United States. How do these 
conditions affect you, wherever you live? 


2. What are some safe-guards that you 
would employ in using an insecticide in 
your home? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. Every plant or animal is con- 
stantly subject to attack from some kind of 
parasite. What parasites can you name 
that you know have attacked you? 


2. Can you think of any ways in which 
inside skeletons might have advantages 
over outside skeletons? Can you think of 
any ways in which outside skeletons might 
be superior to inside skeletons? 


3. Octopuses, squids, and sea snails are 
fairly plentiful in the coastal waters of the 
United States. What reasons can you give 
for their not being popular foods? Do 


any of these reasons involve any of the 
scientific attitudes? Explain. 


4. Can you explain the statement “All 
vertebrates are chordates, but not all 
chordates are vertebrates”? 


TOPICS FOR INDIVIDUAL STUDY . 1. 
If you were asked what kind of fish you 
think is probably caught in greatest quan- 
tities, what fish would you name? Few 
people would correctly name the men- 
haden. Consult an encyclopedia under the 
topic “Menhaden.” What are the char- 
acteristics of this fish? How and where is it 
caught? For what purposes is it used? 


2. Perhaps you have seen this sign in 
food stores: “Oysters R Good." Many 
people believe that oysters are good to eat 
only during the months whose names con- 
tain the letter R. Consult an encyclopedia 
under the topic “Oyster” to see whether 
you can find any reasons why oysters should 
not be eaten during the summer months. 


PROJECT - To collect and mount insects. 
Consult a textbook on insects to learn how 
to catch, kill, and mount insects for an 
exhibit. Choose some certain kind or kinds 
of insects, such as moths and butterflies, 
that you would like to collect as specimens. 
On a class field trip or on your own col- 
lecting trips, capture, kill, and carefully 
preserve, for later mounting, specimens of 
the kind that you wish to display. From a 
textbook on insects find out the name of 
each kind that you have collected. Neatly 
print the name below each specimen. 


SCIENCE IN THE NEWS . From news- 
papers and news magazines collect as many 
articles as you can that deal with the control 
of insects. Select the better ones and post 
them on the bulletin board in your science 
classroom. 
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HOW LIFE CONTINUES 


1. How Do Living Things Reproduce? 


TRUTH BECOMES CLEARER AS KNOWL- 
EDGE GROWS - Have you heard the say- 
ing ““Today’s truth is tomorrow’s exploded 
hypothesis”? ‘This means that what we be- 
lieve to be true today may prove entirely 
false when more facts have been discovered. 
To illustrate, until fairly recent times, fan- 
tastic ideas about how certain animals were 
produced were common. Even some scien- 
tists thought that flies, mice, and many 


other animals came alive out of mud or de- 
caying matter. Some people believed that 
one kind of sea animal! that clings to ships’ 
bottoms and other floating objects turned 
into geese, because this animal slightly 
resembles a goose. 

It was less than a century ago that both 
the following scientific principles became 


'The goose barnacle, an arthropod, and near 
relative of crabs, shrimps, and lobsters. 


A crane and her one baby in the Philadelphia Zoo. Are cranes higher animals 
or lower animals? Explain 


International 


generally accepted: PAII living things come 
only from other living things. PWith a few 
exceptions,’ all living things begin life as 
just one cell. 


ONE PARENT OR TWO - *Do you know 
any kind of animal that is produced by only 
one parent? Many of the simpler animals 
are. So also are many of the simplest plants. 
The individuals of such kinds are neither 
males nor females. They have no sex. Yet 
each can by itself produce others like itself. 
Reproduction, or the production of young, 
by a single plant or animal is known as 
asexual? reproduction. 

*Probably every animal with which you 
are familiar is the offspring, or young, of 
two parents? (illustration, p. 397). In fact, 
"practically all animals and plants, except 
the simplest ones, have two sexes. 


REPRODUCTION BY A SINGLE PLANT OR 
ANIMAL - By division. A protozoan or a 
one-celled alga or fungus becomes mature, 
then divides to form two cells like itself (illus- 
tration, 4, p. 399). This division closely 
resembles the division of cells that results 
in growth. Many one-celled organisms, in- 
cluding some disease germs, reproduce in 
this way two or more times in an hour.’ 

Sometimes the protoplasm inside certain 
cells divides. But it does not form just two 
cells. Instead it forms many similar and 
much smaller ones. At the proper time the 
wall of the parent cell breaks, and the little 
new cells are set free. Under favorable con- 


‘Exceptions would include plants grown artificially 
from slips and cuttings. 

*Asexual (à s&k'shóó Äl). 

‘Reproduction by two parents is called sexual 
(sék’shoo al) reproduction. 

‘Page 367, col. 2. 

‘This method of asexual reproduction is known as 
fission (fish'ün). 


ditions, each grows and develops into a com- 
plete new organism like its parent (illustra- 
tion, B, p. 399). 

Such reproductive? cells are called spores." 
Not only single-celled organisms produce 
spores, but many of the more complex or- 
ganisms as well. If you have ever washed 
pink-gilled field mushrooms, you have no 
doubt noticed that the water that dripped 
from them was slightly colored. The color 
was due to thousands of mushroom spores 
from the gills5 The molds that we often 
find on food and other things grow from 
spores that settle out of the air (illustration, 
B, p. 399). 

By natural growth. In another type of 
reproduction offspring develop by growing 
out of the parent's body. When a young in- 
dividual becomes mature enough, it breaks 
away, and from then on it lives a separate 
life. This process is known as budding (illus- 
tration, C, p. 399). 

Have you a vegetable garden or a flower 
garden? If so, you are probably familiar 
with these further methods of reproduction: 

Young plants develop on the leaves, stems, 
and roots of various plants. Those that form 
on leaves drop off when they have developed 
sufficiently. If conditions are favorable, 
they then form roots and grow beside the 
parent plant. Many cactuses and some 
house plants reproduce in this way. 

Bulbs and other structures much like 
them develop on underground stems.? Each 
has a young plant inside it. The under- 
ground stems of such plants as quack grass 
and fern have on them structures from which 
young plants grow directly (illustration, D, 
p. 399). 


“Reproductive (rē pro ditk’ttv): having to do with 
reproduction. 
"Spore (spor). 


5Page 376, il. *Page 381, col. 2. 
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Four methods of reproduction by a single parent. What methods of reproduction by 


a single parent that are mentioned in the 


text are not illustrated here? Can you find 


an example of budding in the illustration on page 363? 


By growth that is controlled artifi- 
cially. Farmers, gardeners, and florists pro- 
duce certain plants by still another method. 
This method, however, rarely occurs under 
natural conditions. They grow grapevines, 
sugar cane, and many other kinds of plants 
from cuttings (illustration, p. 400). These 
cuttings are sometimes whole leaves, but 
more often they are sections of stems or of 
roots. The cuttings can be made to develop 
more surely into vigorous plants if certain 
chemicals are put on the cut surfaces just 
before the planting. 

The process by which whole plants grow 
from cuttings is the same process as that by 


which a cut heals on your hand.! Budding 
and grafting are further practical applica- 
tions of this process. By budding and graft- 
ing, choice kinds of trees are made to grow 
on the stems of more vigorous, but less de- 
sirable, trees. 


REPRODUCTION BY TWO PLANT OR 
ANIMAL PARENTS - *In reproduction by 
two parents a young plant or animal is 
formed by the combining of two cells. With 
some of the simplest protozoans and algae, 
the two cells that unite appear to be exactly 


YThis process is called regeneration (rē jén ër à'shün). 
See page 367, col. 2. 
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tration below). The female sex organ is 
the pistil* The sperms are formed in the 
pollen grains. These grains develop in the 
tips of the stamens. An egg cell is formed in 
each ovule® within the pistil. 

The pollen, when ripe, escapes from the 
stamens. If a pollen grain happens to be 
deposited upon the tip of a pistil, a tube 
may develop from it. This tube grows down 
through the pistil and enters one of the 
ovules. The sperm inside the pollen tube 
combines with the egg, or egg cell, inside the 
ovule and fertilizes it. A single-celled em- | 
bryo plant is thus formed. A seed forms | 
around this embryo. It consists of the em- 
bryo plant, food stored by the parent plant 
around it, and a hard seed coat. This em- 


v^ S sud A . 
Sugar Research Foundation — bryo plant has usually either one or two tiny 
Harvested sugar cane in Hawaii. Sections of the leaves and structures that will develop into 


stalks each of which contains a bud, or Deve ^Pistil (pis'til). 5Ovule (6'vàl). 
are planted for the next crop. Why must each oo 
planted section have a bud? Structures of a typical flower. Can you identify 


the male and the female sex structures? *Pollen 


is carried to the pistils of flowers by winds and 
alike. With higher plants and animals, how- 


ever, the cells that unite are always different. 
One, the male cell, or sperm, is very active. 
The other, the female cell, or egg (egg cell), 
is usually many times larger than the sperm 
and is stationary. Usually the sperm swims 
to the egg. It unites with the egg and thus 
fertilizes! it. An embryo? is thus formed. 
Under favorable conditions, it can develop 
into a complete individual. 

In a flowering plant. "The sex organs 
of a flowering plant are parts of its flowers. 
The male sex organs are the stamens? (illus- 


by insects, birds, and other animals 


Ovules 


\Fertilize (für'ttliz). Fertilization (far tí It za’shtin); 
the act or process by which a sperm unites with an 
egg cell. 

*Embryo (Ém'brt o): a plant or an animal in the 
early stages of its development, when it is inside the 
seed of a plant or within the body of a female animal. 

*Stamen (stàmt&n). 
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aroot and a stem. The seed coat completely 
encloses and thus protects both the embryo 
and the food supply. 

Under favorable conditions, the seed may 
sprout later. The tiny embryo may then 
continue to develop into a complete plant. 
The food that was stored in the seed pro- 
vides the young plant with the necessary 
energy for its early growth. The food lasts 
long enough for the young plant to grow 
leaves with chlorophyll! From that point 
on, it can make its own food by the process 
of photosynthesis.” 

In animals. Practically all the inverte- 
brates? and nearly all the vertebrates,* in- 
cluding even a few mammals, lay eggs. 
A hen's egg is probably the most familiar 
example of such an egg. But this kind of 
egg is not the same as the eggs, or egg cells, 
just discussed. It is not an egg cell, but it 
contains one, on the yolk. Practically all 
the rest of it is filled with stored food. An 
embryo is formed inside the egg if and when 
a sperm fertilizes the egg cell. The embryo 
uses the stored food for energy with which 
to grow. 

The growth of an embryo. A tiny embryo 
produced by the fertilization of an egg by 
a sperm begins to grow at once. An embryo 
plant develops somewhat inside the parent 
plant while the seed is being formed. By 
the time the seed is ripe, the embryo has a 
minute stem, root, and usually one leaf or 
two. Its growth then stops until the seed 
sprouts. 

The tiny bird embryo develops for per- 
haps a day or so before the egg that con- 


1Page 374, col. 2. ?Page 379. a 

?Use the Glossary for reviewing the meanings of 
terms defined earlier. 

‘The Australian duckbill is an example of such a 
mammal. But the duckbill, like all other mammals, 
feeds its young on milk. 


This embryo chicken is developing inside an egg, 
from a fertilized egg cell. Chickens’ eggs must 
be kept warm either naturally by a hen in a nest 
or artificially in an incubator. In twenty-one 

days the development of the embryo into a chick 

is completed. Then the chick breaks out of the 
egg and continues its life as an active indi- 
vidual. What do you think is the function of 
the egg-shell? 


tains it is laid. It then stops growing until 
the parent bird sits on the eggs to hatch 
them (illustration on this page). 

PThe embryo of a mammal develops in- 
sidé the female’s body from the time it is 
formed until it is born. 


SUMMARY - *?Every kind of plant or ani- 
mal produces young. "In reproduction a 
part of a mature organism is separated 
from the parent and thereafter carries on 
its life activities as another individual of 
the same kind. "Many simple organisms 
are without sex. The individuals can, how- 
ever, produce young by one or more methods 
of cell division or growth. "Most kinds of 
plants and animals have sex organs, which 
produce either sperms or eggs. A sperm 
unites with an egg, or egg cell, to produce an 
offspring. "Every plant or animal starts life 
as a single cell. 
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2. What Are Some Factors That A fect the Survival 
of Living Things? 


A BIOLOGICAL CHAIN REACTION - A 
farmer owned a marsh that had for many 
years been a favorite nesting place for wild 
ducks. But one summer there were fewer 
ducks than usual. In the following years 
the birds failed to return. ` 

The farmer sought the help of a biologist 
to find why the ducks no longer came to the 
marsh to nest. The biologist made many 
visits to the swamp during different seasons, 
Finally he was able to piece his observations 
together and to arrive at an answer to the 
farmer’s question. 

He told the farmer that the ducks had 
deserted the marsh because the farmer’s 
boys had been trapping too many skunks! 
He then explained: 

Snapping turtles lay their eggs in the sand. 
Turtle eggs are a favorite food of skunks. 
When, however, the farmer's boys began to 
trap the skunks for their furs, fewer turtle 
eggs were eaten. More turtles therefore 
hatched from the eggs. Before long there 
were too many turtles for their usual food 
supply. 

Snapping turtles will always prey upon 
young ducks, but now they devoured them 
in unusually large numbers. Ducks will not 
nest where they are greatly disturbed. 
"Therefore they abandoned the marsh as a 
nesting place. The scientist finished his ac- 
count by stating that if the farmer wanted 
the ducks to return, his boys would have to 
stop trapping skunks. 

Later the price paid for skunk skins 
dropped, and the boys gave up their trap- 
ping. Consequently the skunk population 
began to increase and the turtle population 
to decrease. Finally the proportions of 


skunks and turtles again became about the 
same as they had been years before. In a 
few more seasons the ducks were again nest- 
ing in the marsh! (illustration, p. 403). 


LESSONS FROM THE “CHAIN REAC- 
TION" - The struggle for existence. "The 
incident just told illustrates several impor- 
tant biological principles: PAII living things 
are constantly engaged in a struggle for 
existence, The ducks, the Skunks, and the 
turtles were all engaged in such a struggle. 
So was the farmer. So are you, and so will 
you be all your life. Every plant and animal 
is constantly trying to get enough food and 
enough of everything else that it needs. 
Even if it succeeds, it may be eaten or be 
killed by disease or some other enemy. 

Enemies and survival. ""As has been 
stated, every kind of plant or animal has ene- 
mies? (illustration, p. 403). A plant's or an 
animal's enemies include other living things 
that eat it, cause diseases in it, or otherwise 
harm it. Also, the enemies include non-living 
factors, or conditions, such as unfavorable 
weather, floods, and forest fires. The differ- 
ent kinds of plants and animals are pre- 
vented by their enemies from increasing too 
greatly in numbers. 

In the “Mystery of the Vanishing Ducks” 
the skunks were enemies of the snapping 
turtles. The boys became active enemies of 
the skunks. The turtles became active 
enemies of the ducks. 


"This story is another example of ecology (p. 5; 
ftnt. 3). It is adapted from material supplied by 
Edward H. Graham, Chief, Biology Division, United 
States Soil Conservation Service. 

*Page 390, ftnt. 5. 
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Links in the biological chain. Which was not a part of the chain at the beginning 
and the end of the story? 


Adaptation to the environment. ""Ihe 
better an organism is adapted! to its en- 
vironment, the more likely it will be able 
to continue to live there. You may have 
heard this principle stated thus: "In the 
struggle for existence the fittest survive. 
What happens if either the environment 
changes or the plant or animal changes 
enough so that the organism is no longer 
fitted to the environment? Then the organ- 
ism dies, or, if it is an animal, it goes some- 
where else to live. 

Of the animals mentioned in the story, 


lPage 84, ftnt. 1. Adaptation (Ad äp ta’shtin): a suc- 
cessful adjustment to the conditions of the environ- 
ment. 


the farmer was well adapted to survive in 
that environment. At the start the turtles, 
skunks, and ducks all were, too. But when 
the boys began trapping the skunks, the 
skunks and the ducks became poorly suited 
to the environment. Some skunks managed 
to survive where they were. The ducks left. 

Reproduction and the food supply. 
*PWhenever the food supply of any kind of 
plant or animal is increased, that kind of 
organism tends to increase in numbers. 
The opposite statement is, of course, also 
true. When the boys stopped trapping the 
skunks, these animals had an unusually 
abundant supply of turtle eggs. Hence they 
multiplied rapidly. 
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Balance of nature. *?All the plants and 
animals in any habitat! tend to establish a 
balance of nature. A balance of nature has 
become established anywhere when the num- 
bers of all the different kinds of organisms 
that live there remain about the same. 
When, however, any change occurs in the 
habitat that causes any kind of organism 
to become more numerous or fewer, the 
numbers of other kinds must also change. 
'Thus the balance of nature is upset. But if 
no further changes occur in the habitat, the 
balance of nature will in time be restored. 

In the story of the ducks the farmer's boys 
disturbed the balance of nature when they 
began trapping the skunks. When they 
stopped their trapping, the balance of na- 
ture was slowly restored. Then the farmer, 
boys, ducks, turtles, and skunks, all had their 
places in the habitat again. 

Man and the balance of nature. Man 
disturbs the balance of nature more often 
and more seriously than all other factors or 
conditions combined. He does this com- 
monly by bringing into a habitat some 
plant or animal that has not lived there be- 
fore. But, as the story indicates, he does it, 
too, by hunting or otherwise killing off some 
kind of plant or animal that is already a 
member of that community. The story of 
biological conservation is an example of 
the harm that has resulted from man's up- 
setting the balance of nature. This he has 
done wherever he has made his home. 

Many young organisms, but few ma- 
ture ones. ""Nature is wasteful of life. 
'The numbers of any kind of plant or animal 
that are produced are always far greater 
than the numbers that live to become 
mature and to have offspring. 'Thus more 
ducks, turtles, and skunks were produced 
than lived to "grow up." Under ordinary 

1Page 32, ftnt. 1. 


conditions, only one seed in many thousands 
may happen to fall where the conditions are 
right for it to sprout. Of the young plants 
that sprout from seeds, perhaps only one in 
many thousands will grow to maturity.* 
The rest will be killed by enemies of many 
sorts. To illustrate further, a female fresh- 
water perch lays about one hundred thou- 
sand eggs at one time. Probably a large 
proportion of these eggs will not be fertilized. 
Furthermore, a large proportion of those 
that are fertilized will not hatch. Great 
numbers of the young perch that do hatch 
from the eggs will be eaten by other fish. 
Many others will be killed by diseases or by 
other enemies. Relatively few will grow up 
and reproduce. 

How many descendants do you guess that 
one pair of houseflies would have in five 
months if they and all their descendants 
should reproduce at their maximum? rate 
and if none died? a thousand? a million? 
a billion? It has been estimated that there 
would be enough to cover the whole earth 
with a layer of flies nearly 50 feet thick! 

None of the lower animals take any care 
of their young whatever. Nevertheless, they 
have so many offspring that great numbers 
manage to survive in spite of all their living 
and non-living enemies. In contrast, as no 
doubt you have noticed, the higher animals 
do not have many young. But their off- 
spring are protected by the parents, espe- 
cially by the females. To illustrate, a mother 
hen will fly into the face of a cat or any other 
animal that might harm her chicks. A fe- 
male cat was observed to carry her five 
young kittens, one by one, from a burning 
building to a place of safety. 

As a result of parental care, a fairly large 
proportion of the young of the higher ani- 
mals reach maturity (illustration, p. 405). 


?Page 367, ftnt. 2. "Page 351, ftnt. 1. 
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3. Can Our Knowledge of Heredity Be Used to Improve 
Living Things? 


NO TWO ALIKE - Have you ever had 
white mice for pets? If not, you have no 
doubt seen them in pet shops or perhaps at 
school. All white mice look so much alike 
that they might seem to be exactly alike. 
But they never are. Any two would actually 
differ, more or less, in many characters.! 
To illustrate, one mouse might have longer 
whiskers than another or slightly pinker eyes 
or a more naked tail or a better disposition. 


CHANGES GREAT OR SMALL - "No two 
living things are ever exactly alike. In 
every generation the young plants and 
animals are always somewhat different from 
their parent or parents with respect to some 
characters. Such differences, or variations,’ 
are often transmitted, or passed on, to the 
offspring. Moreover, they continue to be 
transmitted to future generations. If, for 
example, you could compare a white mouse 
of today with its most distant white mouse 
ancestor, you would note some slight varia- 
tions. In most cases, however, you probably 
would discover no marked differences be- 
tween the two. But if you could go back 
one more generation and see the parents of 
this most distant white ancestor, you would 
be in for a surprise. You would find that 
neither parent of the white mouse was 
white. Both would be common gray mice. 
You would observe also that this first white 
mouse was the only white one in the litter. 
All its brothers and sisters would be gray, 
like both parents. 

Character (kx'Ak t&r): any characteristic, or trait, 
as shape of ear, length of nose, color of hair, etc. 

Variation (vr Y à'shün): a difference in structure 
or function that is inherited from the parents and is 
often passed on from generation to generation. 
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Here, then, in one generation occurred 
a marked variation in one character, 
namely, color. One of the offspring of an 
ordinary pair of gray mice was white. 
Such sudden great variations that appear in 
succeeding generations are known as muta- 
tions. The individual with a mutation is a 
mutant.* 

*Many other illustrations could be given 
to show that some new kinds of plants and 
animals are developed slowly and others 
rapidly. Slight variations may be added 
through many generations, or a marked 
variation in a single generation. 

New strains that start with mutants are 


3 Mutation (mà ta’shtin). *Mutant (mü'"tánt). 


A nighthawk and her baby. Animals have claws, 
teeth, thick fur, and many other "protective 
adaptations." These adaptations are usually 

structures or other characteristics that help the 


animals to survive in spite of their living enemies. 
This picture illustrates one kind of protective 


adaptation. What do you infer it to be? 
Hugh M. Halliday, Toronto 
pd - 


common. ‘These include many albino! 
strains besides white mice. White deer, 
white rabbits, and white turkeys are com- 
mon examples. You can probably think 
of others. Such mutants have lost a char- 
acter that their parents had. Other exam- 
ples include hornless cattle and chickens 
without wings. 

Mutants with an added character that 
neither of their parents had are also com- 
mon. Examples are nasturtium and blood- 
root plants with double blossoms, cats with 
six or seven toes, and chickens with double 
combs. "'Six-toed Pete," a mutant, was a 
famous frontier character in the Far West. 


INHERITED CHARACTERS AND SUR- 
VIVAL : Sometimes the variations of a plant 
or an animal increase its chances of survival. 
Sometimes they are a handicap. To illus- 
trate, suppose that a young plant has a 
slight variation in its leaves that enables it 
to make more food than others of its kind. 
This individual plant has a better chance 
than the rest to grow to maturity and to 
transmit the favorable variation to its off- 
spring. Suppose that a squirrel has teeth 
that are less well suited to cracking nuts 
than the teeth of other squirrels. ‘That 
squirrel will probably not live long enough 
to grow up and produce young. Hence the 
variation in tooth structure that prevents 
its survival will not be transmitted. The 
examples just given are additional illustra- 
tions of the survival of the fittest.’ 


NATURE AND NURTURE : Are you famil- 
iar with the expression nature and nurture? It 
is used to suggest the joint effects of heredity? 


14lbino (álbi'no): a plant or animal that lacks 
the colors that its kind normally has. 

*Page 403, col. 1. 

‘Heredity (hë réd'1 ti): the passing on of characters, 
or traits, from generation to generation. 


and environment on living things. These 
two factors together control the develop- 
ment of every plant or animal. An indi- 
vidual’s nature includes all the characters 
that the individual inherits. All these in- 
herited characters are in the plant or animal 
when it begins its life. Nurture includes all 
the factors and conditions of environment 
that influence a plant or an animal during 
its entire life. 

: An organism’s heredity determines what 
its possibilities are. Its environment deter- 
mines the extent to which it can develop its 
possibilities. To illustrate, there are Eskimo 
boys who have the ability necessary to be- 
come great atomic scientists. But they will 
not develop these abilities. Their environ- 
ment does not provide the necessary train- 
ing. On the other hand, there is no reason 
to doubt that some of our great atomic 
scientists could have become highly success- 
ful “Eskimo” hunters of seals, walruses, and 
polar bears. But their environment offered 
them no chances to learn the necessary 
hunting skills, A gardener applies his 
knowledge of nature and nurture when he 
plants the best seed that he can get and 
then improves the environment by adding 
fertilizers to the soil. The breeder of fine 
animals does the same thing when he gets 
superior stock and then provides the best 
possible care for it (illustration, p. 407). 


KNOWLEDGE OF HEREDITY GROWS 
The work of Mendel. Much that we now 
know about the ways in which plants and 


‘animals pass on their characters from gen- 


eration to generation is based on the work 
done by Mendel.t Mendel performed his 
experiments about a century ago. He began 
by breeding, in different combinations, 


‘Gregor (gra’gor) Johann (yo'hàn) Mendel (mén'dél): 
Austrian monk; lived, 1822-1884. 
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strains of peas that were pure-bred! for 
such contrasting characters as yellow seeds 
and green seeds, purple flowers and white 
flowers, tall stems and short stems. After 
eight years of experimenting, Mendel an- 
nounced the principles of heredity that he 
had discovered. These were tested later by 
other scientists in breeding experiments with 
various organisms, as new discoveries always 
are. The principles were found to apply 
generally to plant and animal reproduction.’ 

The work of other scientists. It has 
sometimes happened that two scientists have 
made similar discoveries independently. 
Luther Burbank? produced many improved 
varieties of fruits and flowers by making 
practical applications of the principles that 
Mendel had discovered earlier. Yet he had 
never heard of Mendel or of his work at the 
time when he produced these superior plants. 

Scientists have added many important 
principles of heredity to those that Mendel 
established by his pioneer work. All these 
principles are widely applied in plant and 
animal breeding. Asa result, many superior 
strains of crop plants and animals have been 
produced. To illustrate, some of these new 
strains are immune? to serious diseases that 
are common in such organisms. Wheat 
that resists rust is an example. Other new 


L. Willinger, from Shostal 1 
A 4-H Junior Judging Competition. In what 
ways do city boys and girls who cannot raise 
stock profit from such 4-H activities? 
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varieties produce greater quantities of de- 
sired products, such as grain and eggs (illus- 
tration, p. 408). Still others have unusual 
flavor, size, color, or other desired qualities. 


Checking What You Know 


PRE-TEST OR POST-TEST + (Do not write 
in this book.) Pages 397-401. 1. State four 


1A pure-bred strain, or variety, is one that has the 
same characters generation after generation. A 
hybrid (hi'brid) individual, or strain, is produced by 
two different varieties or by parents who differ in 
one or more characters. 

?Page 409, “As Scientists Work and Think,” No. 1. 

3A famous American biologist; lived, 1849-1926. 


iImmune (ï min’): protected against contracting 
something, such as a disease. 


ways in which an individual plant or animal 
can, of itself, reproduce. 


2. Plants are grown artificially from 
cuttings and by budding and 


3. The higher plants and animals are 
produced by the union of a male cell, called 


a __?_-, and a female cell, called an ..?... 


4. The male reproductive cells of a 
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Armour and Company and Abernathy Live Stock Photo Company 


The prize ox of 1835 (from a painting) and Grand Champion Shorthorn Steer of 1937. 
The smaller animal would provide more meat and meat of better quality than the 
larger one. Can you suggest a good title for this illustration? 


flowering plant are produced in the __?__ 
and the female cells in the __?__. 


5. State two ways in which pollen is 
carried from one flower to another. 

6. Most of the vertebrates lay eggs, and 
every egg has a sperm inside it. 

7. A young plant or animal is produced 
when a sperm unites with an embryo. 


Pages 402-404. 8. Earning money to 

buy food is part of the struggle for existence. 

9. A fire that burns up a farmer's wheat 
field is an enemy. 


10. The organism that most frequently 
disturbs the balance of nature is __? 


11. The mammals have more young than 
most of the other kinds of animals, but they 
take better care of their young. 


Pages 405-407. 12. Plants and animals 
change from generation to generation, as 


the result usually of small variations, but 
sometimes of great ones. 

13. All the characters that we inherit are 
favorable to our survival. 

14. The family that lives next door to 
you is a part of your __?__. 

15. A famous Austrian scientist who dis- 


covered important laws of heredity was 
Burbank. 


SCIENTIFIC PRINCIPLES - 1. "Every kind 
of organism reproduces. 

2. "Every living thing begins life as a 
single cell. 

3. "In reproduction a part of a mature 
organism is separated from the parent or- 
ganism and thereafter carries on its life ac- 
tivities independently. 

4. "Many simple organisms are neither 
male nor female. 
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5. "Most kinds of plants and animals 
have sex organs, and these organs produce 
either sperms or eggs. 

6. "All living things are constantly en- 
gaged in a struggle for existence. 

7. "The better an organism is adapted 
to its habitat, or environment, the more 
likely it will be able to survive there. 

8. "Every living thing has enemies that 
prevent its members from multiplying too 
greatly. 

9. "Whenever the food supply of any 
kind of organism is increased, that kind of 
organism tends to multiply. 


10. "All the plants and animals in any 
habitat tend to establish a balance of na- 
ture. 


11. "Plants and animals vary more or less 
from their parents in every generation. 


12. "Nature is wasteful of life. 


SCIENTIFIC TERMS 


Tegg Tpollen 
*environment *reproduction 
Tfertilization Tseed 

habitat Tsperm 
Theredity Tspore 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
1. Mendel discovered the following three 
principles: PWhen two pure strains with 
contrasting characters are bred, all the 
young will have just one of these characters. 
Thus, when peas that had yellow seeds were 
bred with peas that had green seeds, all the 
new pea plants had yellow seeds. Mendel 
called the character that appeared in the 
new generation a dominant! character, 
and the one that did not appear recéssive? 
(illustration, p. 410). 

"Characters are inherited as separate 
units. Mendel found that when he bred 
peas that had yellow seeds with those that 
had green seeds, the seeds of the new genera- 
tion were all yellow. In later generations 
some of the seeds were green, but most 
were yellow. None was yellowish green or 
greenish yellow. 

PCharacters are inherited independently. 
Thus Mendel found that a yellow-seeded 
plant might be either short or tall or have 
either white flowers or purple ones.” 


1Dominant (dóm't nant). Recessive (rë sës'iv). 

3Some exceptions to Mendel’s principle were found 
later. You will learn about them when you take a 
course in biology. 


What elements of scientific method are 
indicated in the account of Mendel’s work 
on pages 406-407 and here? 

2. Which of the scientific attitudes are 
illustrated in the section ‘‘Truth Becomes 
Clearer as Knowledge Grows” (p. 397)? 

3. Years ago many fishermen along the 
Gulf coast believed that shrimps lived only 
-one year. They further believed that after 
the shrimps produced young, they swam into 
deep water and died. Scientists, however, 
questioned this belief and decided to find 
out whether it was correct. They searched 
for living shrimps in both the shallow and 
the deep waters of the Gulf of Mexico. They 
found that shrimps live in shallow water 
during only the first year of their lives. 
Then they migrate to deep water. The 
scientists’ findings completely changed the 
shrimp-fishing industry. Instead of fishing 
in the shallow waters near the shore, where 
they caught only small, young shrimps, 
the shrimp fishermen began to fish the deep 
waters for the large, adult animals. As a 
result, large shrimps are now plentiful in the 
markets. 

Can you state in a sentence the problem 
that the scientists investigated? 
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Pure-bred tall 
2 


Pure-bred short 


g 
Parents 


4 "20 
First 
generation, 
all hybrid 
tall 


aN Y 
Second ui 
generation | $ 


Pure-bred Hybrid 
short 


Pure-bred 


tall tall 


In peas tallness is dominant over shortness, which is recessive, In guinea pigs black 
is dominant over white, which is recessive. Which of the three principles of Mendel 
is not indicated in these drawings? 


CONSUMER SCIENCE - The making of 
collections of birds’ eggs by private individ- 
uals is forbidden by law. If generally per- 
mitted as a hobby, it would, in time, result 
indirectly in increasing the cost of food. 
Explain. 


EXPERIMENT - Do root hormones! influ- 
ence the rate of growth of geranium plants 
or coleus? plants? Break off several sec- 
tions of a coleus or a geranium stem, each 
about 3 inches long. Cut each section 


‘Hormone (hór'món). Root hormones can be bought 


at seed stores or from scientific supply companies. 
?Coleus (kō'lē üs). 


First generation, 
all hybrid black 


Pure-bred 
black 


Hybrid 
black 


Hybrid 


black white 


diagonally across the bottom. Treat the 
cut ends of half the sections with the root 
hormone according to the directions sup- 
plied with the hormone. Put the treated 
sections into one tumbler of water and the 
untreated sections into another. Put the 
two tumblers in a window where the con- 
ditions will be identical for both sets of 
cuttings. Observe the cut ends of the cut- 
tings from day to day. Which cuttings 
sprout roots first, the ones that were treated 
with the root hormones or the ones that were 
not treated? On which set of cuttings do 
the roots grow faster? Answer the question: 
at the beginning of this experiment. 
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Pure-bred. 


UNIT ELEVEN 


THE ORGANISM 
CALLED MAN 


Meisel, from Monkmeyer. 
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THE HUMAN BODY 
AND ITS ACTIVITIES 


1. What Is Behavior, and How Is It Brought About? 


ANIMAL BEHAVIORS - Animal acts have 
always been popular in circuses and "shows," 
as they now are on television. You probably 
have been astonished more than once by the 
remarkable things that the animals had been 
taught to do. Maybe you have a pet dog, 
cat, or other animal that you have taught to 
do some tricks. But have you ever seen a 
pet animal do something unusual and clever 
that it had learned by itself to do? An ex- 
ample of such a case is that of a cat that 
learned to "knock" on the door when it 
wanted to get into the house. It hooked its 
claws in the screen door and rattled the 
door patiently until somebody answered its 
knock. Another cat learned by itself to open 
a door by springing upon the thumb-latch. 

You probably can think of many similar 
instances of interesting behaviors of wild or 


Yila 


domestic animals. Some of these behaviors 
are typical for a particular kind of animal. 
Others, like those described above, are 
unique for a single, individual animal (illus- 
tration below). 


MAN, THE DOMINANT ORGANISM - All 
the activities, as well as all the needs, of the 
higher animals we know are more or less 
like our own. Some animals can see better, 
hear better, or do certain things better than 
we can. But man is superior to all other 
organisms. He is so, chiefly, for this reason: 

*Man’s brain is superior to that of every 
other animal. People are able to reason, to 
plan, and to keep on learning all their lives. 
Not even the great apes, which are the ani- 
mals most nearly like man, are capable of 
high mental development. A baby gorilla 


Which behaviors of these animals do you 
think are typical, and which unique? 


Mrs. Joseph Watson 


=s 


Pinney, from Monkmeyer 


Bloom, from Monkmeyer 


Can you think of any animal besides man that naturally stands erect on two legs? 
This position leaves the hands free to do whatever the brain directs them to do 


that was raised like a human child learned 
faster than human children do for the first 
two or three years. But the boys and girls 
“caught up with it” and “passed it” in a 
few more years. They continued to develop. 
But the gorilla had practically ceased to do 
so by about the time that they were ready 
to enter junior high school (illustration 
above). 


MAN, A HIGHLY COMPLEX ORGANISM - 
PThe lower an animal is in the scale of life, 
the more likely it is to have many duplicate 
structures and relatively few different struc- 
tures. To illustrate, a centipede has from 15 
pairs of legs to more than 150 pairs. An 
earthworm has 5 pairs of hearts. Most 
spiders have either 3 or 4 pairs of eyes. In 
contrast, man’s structures are mostly one of 
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a kind or are in pairs. Each kind of struc- 
ture has its own special functions. 


BEHAVIORS - PAIl living things have 
bodily movements. Even plants have move- 
ments that are not caused by winds or any 
other force outside them. These are move- 
ments of their roots, stems, branches, and 
other structures. They are caused by 
growth, responses to sunlight, and the like. 
Perhaps you have seen “slow motion” pic- 
tures of such movements in flowering plants. 
The ability to move of themselves is one 
characteristic that distinguishes living things 
from non-living things. 

*All movements that living things make 
are classed as behaviors. Thinking, remem- 
bering, and other activities that do not in- 
volve movements that can be seen are also 
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behaviors. All our behaviors, even the sim- 
plest ones, are made possible by the func- 
tioning of many structures. 

Voluntary behaviors. These are the 
ones that we decide to do and that we can 
carry on only by paying close attention to 
how we perform them while we are doing so. 
Voluntary! behaviors include such activities 
as reciting in class, playing checkers, learn- 
ing to skate, and learning a part in a play 
or learning a new football or basketball play. 

Involuntary behaviors. Reflexes. In- 
voluntary behaviors are those that we can 
carry on without having to think about 
them or without even being conscious that 
we are performing them. Here are examples 
of common types of involuntary behaviors: 
While you are having a complete physical 
examination, the doctor is almost certain 
to hit your leg, just below the knee-cap, a 
quick blow with a rubber hammer, In- 
stantly your foot kicks forward. Such a 
behavior is a reflex action, or a reflex? 

Sneezing and coughing are other examples 
of reflexes. So also are shivering and trying 
to recover your balance when you suddenly 
slip. The actions that are going on inside 
our bodies all the time, and that have been 
ever since we were born, are also involun- 
tary actions. These are the actions that are 
involved in digestion, circulation, and other 
bodily processes. 

Instincts. There are complex behaviors, 
each of which is made up of a series of re- 
flexes. Such behaviors are known as in- 
stincts? To illustrate, when, for the first 
time in its life, a hen is ready to hatch a 
brood of chicks, it can perform all the neces- 
sary behaviors without being taught. It sits 
almost constantly on the eggs and takes the 
right care of them for the necessary three 


‘Voluntary (v8l'tin tër Y): controlled by the will. 
*Reflex (ve'fléks). Instinct ({n'stingkt). 


weeks before they hatch. Moreover, after 
the chicks have been hatched, the hen gives 
them the right care. It hunts food for them 
and covers them to keep them warm. It will 
attack any animal that threatens them, even 
an animal that it would ordinarily fear. It 
needs no instruction in how to perform the 
instinctive behaviors of raising its brood. 

Man has instinctive behaviors, too. An 
example is a newly born baby’s successful 
efforts to take food. Such instincts as a 
person may have at birth, however, are 
probably changed later by experience and 
teaching (illustration, p. 415). 

Automatic behaviors. Many volun- 
tary behaviors become automatic if they are 
repeated often enough. For example, after 
you have become a skillful skater, skating 
is practically automatic. So also are "saying 
your lines” in a play after you know them 
or making a play in a game after you have 
mastered it. Such actions become 
habits. 

*There are many other actions which you 
never have to learn to do. Such activities 
include breathing, shivering, and digesting 
food. But you must learn to do the actions 
that become habits. 

*While you are learning a part in a play 
or a new play in a game, your behaviors 
must be voluntary. Several steps must be 
followed: First, you must want to learn to 
do these things well. Second, you must pay 
close attention to what the coach tells you 
to do. Third, you must do your best to 
follow his directions “to the letter." Fourth, 
you must practice the behaviors in exactly 
the correct way. Remember that mere prac- 
tice does not “make perfect." It is only 
correct practice that results in a perfect 
performance, 

*After you have completely learned the 
behavior in the approved way, it becomes 


have 
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Much of our learning is trial-and-error learning. Can you explain this term? Can 
you give other examples of trial-and-error learning besides those illustrated here? 


almost the same as an involuntary behavior. 
It becomes practically automatic behavior. 
You can thereafter do it without thinking 
about how to do it. It has become a habit. 
Thereafter, while performing it, you can 
give almost your full attention to other 
members of the play cast or to your team- 
mates or the other team. 

Habits are important. Of course not all 
habits are learned purposely. Moreover, 
we acquire some habits that are not desir- 
able. For example, we may form the habit 
of speaking or laughing too loudly. We may 


9. How Are We Able 


THE STRUCTURES THAT PRODUCE BE- 
HAVIORS - Stop a few moments and try to 
recall all your behaviors during the past 
hour. Try to decide which ones were simple 
behaviors and which were complex. Which 


have “fallen into the habit” of using bad 
table manners. But we can break bad 
habits, as well as form good ones. The rules 
for making or breaking a habit are simple 
and are the same: First, we must be fully 
determined to break the old habit or to 
form the new one. Then we must practice 
the new behavior always correctly and often 
enough and long enough so that it becomes 
automatic. 

*The more good habits you can establish, 
the better. Your mind is then free to think, 
plan, and direct your other behaviors. 


to Behave as We Do? 


do you think were involuntary, which volun- 
tary; and which practically automatic? 
Which ones do you think were performed 
by a relatively few structures? Which re- 
quired many? Which ones of your bodily 
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The important divisions of the brain. Can you 
think of any other structures that would be found 
in the brain? 


structures do you think likely to have been 
involved in each behavior? Which organs? 
Which organ systems? 

Three organ systems function together in 
our behaviors. These are the nervous system, 
the endocrine,! or glandular,? system, and 
the muscular? system. The nervous system 
controls both the other systems. Hence the 
nervous system controls all our behaviors. 

The nervous system. *The nervous 
system includes the brain, other nerve cen- 
ters in various parts of the body, the spinal 
cord, and the nerve fibers. These structures 
are composed of millions or even billions of 
thread-like cells! (illustration, A, p. 363). All 
parts of the nervous system are connected, 
and they act together in harmony. 

"One part of the brain’ does all our think- 
ing and directs all our voluntary actions 

‘Endocrine (Én'do krin). — *Glandular (glan’j6o lër). 


"Muscular (müs'kü lër). ‘Called neurons (nü'rónz). 
"The cerebrum (s&'& brüm). 


(illustration, left). Another part? keeps the 
muscles working in harmony. A third part? 
controls the involuntary bodily processes, 
such as digestion, circulation, and respira- 
tion. 

The spinal cord is a “cable” made up of 
an enormous number of nerves. It extends 
down from the brain and inside the back- 
bone, or spine. Pairs of nerves branch out 
from it between the vertebrae. These 
nerves divide into smaller and smaller 
branches, which extend to all parts of the 
body. Finally the smallest nerve fibers con- 
nect with single nerve cells. 

Certain nerve cells receive the impres- 
sions? that indicate what is going on outside 
and inside the body. These impressions 
cause impulses that pass through nerves to 
the spinal cord, and from it to the brain. 
Certain other nerve cells carry “orders” to 
the muscles and glands from the brain and 
the spinal cord. Thus they direct and con- 
trol our behaviors. 

The glandular system. "The glandular 
system is made up of the endocrine glands.” 
These include the pituitary" gland in the 
head, the thyroid? glands in the neck, and 
the adrenal? glands near the kidneys. Each 
manufactures one or more chemical com- 
pounds, called hormones. The hormones, 
together, regulate all the bodily processes 
(illustration, p. 417). Their influence is 
most easily noted in the behaviors that in- 
volve great effort or that are involved with 
such emotions as anger, fear, and disgust. 


"The cerebellum (sér € b&l'üm). 

TThe medulla (me dül'4). *Page 387, ftnt. 7. 

*Called stimuli (stím'ü lī); singular, stimulus (sttm'- 
ü Iis). 

V*Gland: a plant or animal structure that manu- 
factures a special substance which is necessary to the 
organism's healthy existence. "Pituitary (pf tū'i tër Y). 

"Thyroid (thi'/roid). 


Y Adrenal. (4d rē'năl). “Page 410, ftnt. 1. 
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The endocrine glands are commonly 
called ductless glands because they have no 
ducts, or tubes, leading from them. Their 
hormones pass through their walls and into 
the blood by osmosis.' The hormones are 
carried by the blood to every cell in the 
body. 

The muscular system. Whenever you 
kick a ball, throw it, or bat it, many muscles 
are involved. Not only those in your arms 
and legs, but also others in various parts of 
your body take part in the action. These 
muscles are voluntary muscles. They are 
so called because you can make them move 
parts of your body as you wish. The muscles 
that cause the movements in your internal 
organs are involuntary muscles. They are 
thus named because they carry on their 
functions without your control or, in fact, 
without your being conscious of them. 

Most voluntary muscles are thin, cord- 
like bundles of tissue. Most involuntary 
muscles are thin, flat tissues. 

PMuscles always pull. They never push. 
Thus one set of muscles pulls your arm out. 
Another set pulls it back. Most of the vol- 
untary muscles are attached to bones by 
tough cords.? Muscles are shorter and 
thicker when they are pulling than when 
they are relaxed, or slack. 


THE SKELETON - *Ihe skeleton is a 
jointed frame. of bones of various shapes 
and sizes. It gives the body its general form 
(illustration, p. 418). 

The skeleton has three functions: It 
makes movements possible. It supports vari- 
ous structures. It gives more or less protec- 
tion to certain organs. 


JOINTS - Have you ever considered how 
hard it would be to get about if you had no 
?The tendons (tén'dünz). 


1Page 366, col. 2, def. 
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joints in your legs or feet? Different move- 
ments are made possible by different types 
of joints. The hinge joints in the fingers and 
knees permit a back-and-forth movement. 
The ball-and-socket joints in the shoulders 
and hips make possible movements in all 
directions. So also do the joints in the back- 
bone, though the amount of movement per- 
mitted by each joint is small. The pivot 
joints in the elbows allow, in addition to 
other movements, a circular motion, similar 
to that of a steering wheel. The "saw- 
tooth” joints between the plates of the skull 
do not permit even slight shifting, except 
when great force is applied. 


Can you explain how the nervous system, the 
glandular system, and the muscular system all 


function in a game such as this? 
Roosevelt High School, Portland, Oregon 


. Neck bona: A 
spinal column 


| Breast-bone 


Upper-arm bone 


Two bones of 
lower leg 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 412-415. 1. State a 
reason why man is superior to all other 
living things. 

2. The most complex of the following 
organisms is (1) an alga; (2) an insect; 
(3) a protozoan; (4) man; (5) a bird. 

3. A beaver’s being able to build a dam 
across a stream the first time it ever tries is 
an example of ..?.. behavior. 

4. Waving to a new friend is (1) a re- 
flex; (2) a voluntary behavior; (3) an 
involuntary behavior; (4) a habit; (5) 
an instinct. 

5. An action that begins as a voluntary 
behavior and becomes an automatic be- 
havior i$ a See 

6. State the rules for forming habits. 


Pages 415-417. 7. 'The three organ 
systems that function together in our be- 
haviors are thera OR eana s 
systems. 

8. The brain and all the nerves are com- 
posed of thread-like cells. 

9. State the functions performed by the 
three chief parts of the brain. 

10. We think with our skulls. 

11. We learn of happenings around us by 
impulses that travel over ews tO be spi 
nal cord and thence to the brain. 


12. All bodily processes are regulated by 
hormones, which are produced by ..?... 
13. Leg muscles are involuntary muscles. 

14. When you push your book away, 
certain muscles in your arms push your 
hand against the book. 

15. State three functions performed by 
the skeleton. 

16. Name four kinds of joints and state 
what kinds of movements each kind makes 
possible. 


SCIENTIFIC PRINCIPLES - 1. "The lower 
an animal is in the scale of life, the more 
likely it is to have many duplicate struc- 
tures and relatively few different structures. 

2. PA]l living things have bodily move- 
ments. 

3. "Muscles always pull on the bones 
that they move. 

4. "Many animals have brains, but man’s 
brain is superior to that of every other 
animal. 


SCIENTIFIC TERMS 


*brain muscle 
*gland *nerve 
Thormone reflex 
instinct Tspinal cord 
involuntary voluntary 
behavior behavior 


Applymg and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 
1. Observe yourself to see whether you can 
note behaviors of yours that you would 
identify as voluntary, involuntary, and 
automatic behaviors. 

2. An advertisement in a recent issue of a 
certain magazine read as follows: Should 


you like to be able to control and influence 
the actions of others? Are you one of those 
who take, rather than give, orders? Send 
for our free booklet telling how-you can 
develop a strong personality." 

Which scientific attitudes are suggested 
by this advertisement? 
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What reflex actions are indicated in A, and 
what two instinctive actions in B? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. What are some habits that you 
have established that make you less suc- 
cessful in your school-work than you could 
be? How would you proceed to break 
these habits? 


2. Name some simple behaviors that you 
perform. Name some highly complex ones. 


3. What is wrong with this statement: 
"When he walked into the house, he in- 
stinctively removed his hat? 


4. Can you tell why a domestic animal is 
likely to have more difficulty than a wild 
animal in adjusting itself to a strange en- 
vironment? 

5. If something touches the palm of your 
hand when you are not expecting anything 
to touch it, your hand usually closes. Can 
you name some instances in which this re- 
flex might be of considerable disadvan- 
tage to you? 

6. In which of the joints of the body do 
you have the greatest freedom of move- 
ment? 

7. The hibernation of bears and bats 
during the winter is what sort of behavior? 
Explain. 


EXPERIMENTS - 1. How do green plants 
respond to light? Plant some mustard or 
radish seeds in about half an inch of moist 
soil in a shallow dish. Keep the soil moist 
and allow the young plants to grow to a 
height of about 2 inches. Then cover them 
tightly with a box in one end of which is a 
hole about 4 inch in diameter. Have the 
end with the hole facing a window. The 
only light that can reach the plant now 
must pass through the hole in the end of the 
box. After about two days remove the box. 
What has happened to the seedlings? 
Answer the question at the beginning of the 
experiment. 

2. What is the brain of a mammal like? 
Secure from a butcher a whole calf's brain 
or sheep's brain. Try to identify in this 
brain the structures shown in the illustra- 
tion on page 416. Answer the question at 
the beginning of this experiment by writing 
a paragraph. This paragraph should con- 
sist of a few sentences describing the location 
and general appearance of the brain struc- 
tures that you have been able to identify. 
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FOODS 
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THEIR NATURE AND USES 


1. What Foods Are Necessary in Our Diets? 


WHAT IS FOOD? - What comes into your 
mind first when you read or hear the word 
food? a meal? the foods that you eat most 
often? your favorite foods? 

The word food has different meanings to 
you from the ones that it would have if 


you lived in Japan or India, because the 
diets of people in widely separated parts of 
the world vary greatly (illustration below). 

Man eats a greater variety of foods than 
does any other organism. Yet a list of all 
the things that people eat would be small in 


A fruit market im Mexico. Gan you identify any of the fruits? 


Ewing Galloway 


comparison with a list that included every- 
thing that all the kinds of living things to- 
gether take into their bodies as foods. A 
complete list of that sort would include 
strange items. For example, certain bac- 
teria that live in volcanic pools consume 
sulfur as food. Many parasites live only on 
plant sap or on blood. Earthworms. “eat” 
soil. The soil itself is not food for them, but 
they digest out of it minute living things 
and bits of organic! matter. 

A survey of the food habits of various 
organisms suggests the question "What is 
food?" The answer is this: A substance is a 
food if it serves a plant or an animal in one 
or more of the following three ways: 

*It must provide the organism with en- 
ergy for all its activities. 

*It must furnish materials needed for 
building protoplasm and thus for making 
new cells. 

*It must supply substances that regulate 
bodily processes, such as digestion and cir- 
culation, and make the heart or other 
organs function properly. 


CLASSES OF FOODS - Foods may be 
divided into two classes, the energy foods 
and the non-energy foods. 

The energy foods. "There are three 
classes of energy foods, namely, the carbo- 
hydrates,” the fats, and the proteins. The 
carbohydrates are chiefly starches and su- 
gars. The energy stored in all these foods 
is changed in the body to other forms of 
energy. These other forms of energy in- 
clude the body heat, the energy of motion, 
and the energy needed for carrying on all 
the chemical processes of the body. 

Carbohydrates, fats, and proteins burn, 
or oxidize, in the body as fuels. A fat pro- 
duces more than twice as much heat per 


*Page 252, ftnt. 1. — "Carbohydrate (kär bo hi'dràt). 


ounce as does either a carbohydrate or a 
protein. For this reason, fats are especially 
desirable as winter foods. Proteins provide 
not only energy, but also nitrogen and some 
other elements? needed for building proto- 
plasm. Without protein foods, therefore, 
plants and animals could not grow. Their 
wounds would never heal. They could not 
replace dead or worn-out cells with new 
ones. They could not produce young. 

The non-energy foods. *These foods 
supply no energy. Yet they arc as necessary 
to life as those that do. The essential ones 
are water, vitamins,’ and minerals. 

Water. All living things, including our- 
selves, must have water becausc the proto- 
plasm that fills all their living cells is mostly 
water. So also are blood and all the other 
body fluids. We must have water, too, be- 
cause it dissolves food substances and some 
waste materials. Until these substances have 
been dissolved, the body cannot use them. 

We get most of the water that we need by 
drinking water and other beverages. These 
beverages commonly include milk, soft 
drinks (*pop," or "tonic"), cocoa, choco- 
late, and perhaps tea and coffee. Also, we 
get considerable quantities of water from 
the vegetables and fruits that we eat. 

Vitamins. Vitamins are complex chemical 
compounds. There are many of them, and 
each functions in one or more of the follow- 
ing ways: 

*It prevents or cures some particular dis- 
ease, such as rickets or scurvy. 

*It causes the digestive organs and other 
Structures to function effectively. 

*It promotes good health, usually in one 
or more ways in addition to those just 
mentioned. 

Minerals. Minerals in foods are substances 
from which the body can secure certain ele- 
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all these groups will satisfy every need. Why is there 
ant by "fortified? foods? 


A variety of foods selected from 
no special group of sugars in this illustration? What is me 
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ments, chiefly calcium and iron. These ele- 
ments are needed for building bones, teeth, 
blood, and protoplasm. Also, they are 
necessary for the proper functioning of 
various organs. 


BALANCED DIETS - *It is possible to eat 
enough food to satisfy one's hunger without 
supplying all the materials that the body 
needs. Everybody needs a balanced diet. A 
diet is balanced when it provides enough of 
all the essential energy and non-energy 
foods. Therefore every meal should supply 
some carbohydrates, fats, and proteins. 
Also, it should furnish needed minerals and 
vitamins. You can have a balanced diet by 
eaüng every day some foods from each of 
the groups shown in the illustration on 
page 423. 'The following rules will serve 
as a more definite guide: 


1. At every meal eat bread or a cereal. 

2. Every day drink a pint or more of 
milk. 

3. Every day drink the juice of two of 
these fruits or eat two of them: tomato, 
grapefruit, lemon, and orange. 

4. Every day eat potatoes and two or 
more other vegetables. One of these others 
should be a leafy vegetable, such as cab- 
bage, lettuce, broccoli, or Brussels sprouts. 

5. Every day eat one or more of these 
foods: meat, fish, cheese, beans, and peas. 

6. Every day eat some butter or mar- 
garine* and also small quantities of other 
fats. 

7. Every day or at least threc times per 
weck, cat an egg. 

If you follow the preceding seven rules, 
then you may safely 

8. Use sugar and other sweets to suit 
your taste. 


2. How Does the Body Prepare Food for Its Use? 


FOOD HABITS - If a horse were offered a 
beef-steak to eat, the animal would refuse it. 
But the horse would readily accept a hand- 
ful of hay. A dog would eagerly take the 
steak, but would refuse the hay. Each ani- 
mal would know, probably by instinct! 
what it should eat. 

No substance serves any organism as food 
unless that organism can digest it. The 
digestive juices of a horse will not digest 
meat. Those of a dog will not digest hay. 
Hence meat is not food for a horse or hay 
for a dog. Similarly, nothing that we might 
eat would be of any more use to us as food 
than steak to a horse or hay to a dog if we 
could not digest it. Our food habits, like 
those of the horse and the dog, are deter- 


'Page 414. 


mined, almost wholly, by what we can 
digest. 


DIGESTION - Digestion in man, as in all 
other organisms, includes all the processes 
by which foods are changed into simple sub- 
stances that will dissolve in water and that 
the organism's body can use. 

In the mouth. Digestion in man begins 
in the mouth. The teeth bite off pieces of 
food, break it, and grind it into smaller 
pieces. During the chewing process the 
food is mixed with saliva. This saliva is 
produced by three pairs of glands.’ It passes 
from each of these glands through a tube 
into the mouth (illustration, p. 425). 


*Margarine (mar’ja ren). 3* Saliva (så li'va). 
‘The salivary (sál't vér Y) glands. 
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Saliva starts the digestion of starch by the E. j 
action of an enzyme! that it contains. To 
illustrate, when you first put a piece of 
cracker into your mouth, it neither dissolves I 
nor tastes sweet. But as you mix saliva with | 
it by chewing it, it begins to taste sweet 
Why? Because the enzyme digests some of 
the starch and thus changes it to sugar. 


Saliva reduces friction by making the food i S 


moist enough so that it can easily be swal- 
lowed and likewise so that it will pass 


through the esophagus’ to the stomach (illus- | 


tration, right). 

Saliva alone, however, would not reduce 
the friction enough so that the food could 
pass through the entire alimentary canal. 
Mucus? is also needed. Mucus is a slippery 
fluid that is produced by millions of tube- 
like microscopic glands. These glands are 


distributed in the walls of the alimentary f 


canal throughout its entire length. 

In the stomach. Vast numbers of mi- 
nute glands in the stomach walls produce | 
gastric’ juice. The gastric juice starts the 
digestion of proteins. Besides, it aids in the | 
digestion of milk. 

In the small intestine. 
digested food passes from the stomach into 
the small intestine. The pancreas’ and 
millions of tiny glands in the lining of the 
small intestine pour their special enzymes 
into the small intestine. These enzymes com- 
plete the digestion of starches, proteins, and 
fats. The liver adds bile, a yellow-green 
fluid, sometimes called g 
itself digest food, but it hastens digestion. 

In the large intestine. No enzymes are 
produced in the large intestine. : This part 
of the digestive system serves as a storage 


all. Bile does not 


LEnzyme (Én'zim): a chemical substan 
a certain food to digest. 

Esophagus (E sóf'à güs). 

*Gastric (gás'trik). 


3Mucus (mü'küs). 
5Pancreas (pan’kré äs). 


The human digestive system. Why is this 
called a system? 


place for the undigested foods until they are 
eliminated as wastes. 


HOW FOOD IS ABSORBED INTO THE 
BLOOD : The inner lining of the small intes- 
tine has numerous cross-wise folds. The 
surfaces of these folds are covered with 
millions of minute, finger-shaped structures, 
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called villi The digested foods pass 
through the walls of the villi and are added 
to the blood stream. 

All the digested foods are carried by the 
blood to all parts of the body. They pass 
from it through the walls of every living cell. 


SUMMARY - *Foods must be digested, or 
changed into certain liquids, before the body 


can use them. Digestion is brought about 
by enzymes. The digestion of starches be- 
gins in the mouth. That of proteins begins 
in the stomach. The digestion of all the 
energy foods is completed in the small intes- 
tine. The dissolved energy foods, vitamins, 
and minerals pass into the walls of the small 
intestine and thence into the blood. The 
blood carries them to every cell. 


3. What Further Processes Are Involved in the Body’s Use 
of Food? 


HEART-BEAT - Did you ever time your 
heart-beat? Do you know about how many 
times your heart beats per minute? The 
heart of an average person is estimated to 
beat two and one-half billion times during 
the person’s life-time. A child’s heart beats 


Villi (vii); singular, villus (vil'üs). 


Why is it unwise to exercise violently after 
a hearty meal? 


H. Armstrong Roberts 


faster than an older person's. Also, as no 
doubt you discovered long ago, a person's 
heart beats faster when he is exercising or 
is excited than when he is quiet and calm 
(illustration, left). 


THE CIRCULATORY SYSTEM . The cir- 
culatory? system includes the heart and 
miles of connected blood vessels. The blood 
vessels are the arteries, the veins, and the 
capillaries, The heart is a thick-walled, 
muscular organ. Arteries and veins are 
tubes with strong, muscular walls. Capil- 
laries’ are minute, thin-walled tubes that 
are many times smaller in diameter than 
an ordinary strand of a spider’s web. The 
blood vessels are always filled with blood. 


THE BLOOD . The plasma. The blood 
consists chiefly of a light-brown fluid called 
plasma.’ The plasma carries energy foods, 
minerals, vitamins, and hormones’ through 
the arteries, capillaries, and veins to all parts 
of the body. At the same time it carries 
waste products to the liver, kidneys,’ and 


*Circulatory (süv'kà là tō rt). 
*Capillary (K&p't lër Y). 
*Page 416, col. 2. 
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*Plasma (pláz'má). 
SKidney (kYd"n). 


A, an ameba “eating” and digesting an alga in a pond; B, a white corpuscle “eating” 
bacteria. What other natural body defenses besides white corpuscles can you name? 


other organs that remove waste materials 
from the blood. 

The blood cells. In the plasma are 
thousands of billions of blood cells. Most of 
these are flat, disk-shaped red corpuscles! 
(illustration, A, p. 363). They are distrib- 
uted by the blood stream to all parts of the 
body. Their chief function is to supply oxy- 
gen to the living cells. 

About one blood cell in every seven 
hundred is a white corpuscle (illustration, A, 
p. 363). There are several kinds of white 
corpuscles, but only one will be described 
here. These white corpuscles look and act 
much like amebas. Unlike the red cor- 
puscles, they can crawl about. 

The red cells remain in the blood stream. 
The white cells, however, glide freely 
through the walls of the blood vessels at any 
point. Also, they crawl about among the 
cells of all the body tissues. They "eat" in- 
jured body cells and germs that get into the 
body. This they do in much the same way 
that amebas feed on microscopic plants and 
animals. They surround and digest any- 
thing they come across that can serve them 
as food (illustration above). 


"ICorpuscle (kór'püs'l). ?Page 399, il. A. 


The lymph. The plasma passes through 
the walls of the capillaries. Then, however, 
it is no longer plasma, but is lymph? The 
thin, colorless fluid that flows out of a 
broken blister is lymph. Lymph is cell 
fluid. It surrounds all living cells. Food 
and other necessary substances pass from it. 
into the cells, and waste materials out of the 
cells into it. 

The lymph passes from the cell spaces into 
the lymph system. This system is somewhat 
like the circulatory system. As the lymph 
passes through it, it removes some impurities 
from the lymph. Then it restores the 
partly purified lymph to the blood stream 
by discharging it into veins near the heart. 
The lymph then again becomes plasma. 

Circulation. From the heart to the cells. 
The blood is constantly flowing through all 
parts of the circulatory system at once. It 
leaves the heart from the bottom chamber 
in the left side (illustration, p. 428). At 
every heart-beat, blood is forced into a 
great artery. This artery branches into 
smaller ones. The branching continues into 
smaller and smaller arteries. Finally. the 
smallest ones branch into net-like patterns of 


3Lymph (mf). ‘The aorta (à ór'tà). 
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A diagram indicating how the blood circulates in our bodies. The heart is really 
a double pump. Explain 
[428] 


capillaries. The blood is pumped by the 
heart through all the arteries and into all 
the capillaries. 

From the cells to the heart. The capillaries 
of each net pattern join together again to 
form the end of a minute vein. The blood 
flows from the capillaries into the smallest 
veins. These join to form larger and larger 
ones. Finally they join one or the other of 
two great veins that carry the blood into the 
right side of the heart (illustration, p. 428). 

From the right side of the heart the blood 
flows to the lungs. There oxygen passes into 
it and carbon dioxide and water pass out of 
it through the capillary walls. Thence it 
flows to the left side of the heart. Thus it 
completes a round trip. 


CUTS AND BRUISES : If you scratch your 
hand severely enough to break the skin, the 
blood flows out from many injured capil- 
laries. A deeper cut may sever a vein, and 
a still deeper cut an artery. If either capil- 
laries or veins are cut, the bleeding is steady. 
If an artery is cut, the blood flows out in jets 
that are in time with the heart-beats. 

When blood flowing from a wound is ex- 
posed to the air, it forms a clot and later a 
scab. The clot stops the bleeding. If the 
loss of blood were not stopped, the wounded 
person would sooner or later bleed to death. 
The scab protects the wound until it has 
completely healed. 

A bruise causes internal bleeding. Tbe 
"black-and-blue? spot results from the es- 
cape of blood out of capillaries, and per- 
haps small veins, into the tissues. 

, Both cuts and bruises heal in this way: 
New cells are produced, which replace the 
injured ones in the walls of the blood vessels 
and in the body tissues. The blood that 
escaped from the injured cells into the 
tissues is absorbed back into the tissue cells. 


THE PROCESSING AND USE OF FOOD IN 
THE CELLS - Every living cell is like a micro- 
scopic chemical laboratory. In it respiration,! 
assimilation,? and other chemical processes 
are being carried on all at the same time. 

Respiration. *No doubt you are familiar 
with the term respiration. To most people 
respiration is another term for breathing. 
But to the scientist it means more than just 
breathing. Respiration is the process by 
which a plant or an animal takes in oxygen, 
oxidizes food, and gets rid of carbon dioxide. 
Neither plants nor simple animals breathe. 
They have no respiratory? structures, such 
as wind-pipe, bronchial! tubes, and lungs, 
as we have. Yet "every plant and animal 
carries on respiration (illustration, p. 430). 

Assimilation. Assimilation is the process 
by which the protoplasm of living cells 
builds new protoplasm out of the digested 
food that the blood brings to them. 


EXCRETION - *Excretion? is the general 
name that includes all the processes by 
which living things eliminate their body 
wastes. These wastes include water, carbon 
dioxide, and compounds of nitrogen, phos- 
phorus, sulfur, and other elements. They 
include also bile and undigested food. 

Water and carbon dioxide are produced 
by the burning, or oxidation,’ of energy 
foods in every living cell. The compounds 
of nitrogen, sulfur, phosphorus, and other 
clements result from the chemical processes 
that are constantly going on in every living 
cell. All the waste substances pass out 
through the cell walls by osmosis into the 


1*Respiration (rës pi ra’shtin). 

2 Assimilation (& sim Y la'shün). 

3 Respiratory (rés’pi ra tō rf): having to do with 
respiration. 

4Bronchial (bróng' kt al). 

5*Eycretion (&ks kre'shün). 

Pages 26, col. 2, and 27, col. 1. 
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Why is it necessary to inhale and exhale at a faster rate while you are working 
than when you are resting? 


blood fluid. When the circulating blood 
has brought them to the lungs, the carbon 
dioxide and considerable water pass through 
the walls of the capillaries into the air spaces, 
The water evaporates from the surfaces of 
the lung tissues. The resulting water vapor, 
together with the carbon dioxide, is breathed 
out through the nose or mouth. Most of the 
excess water that remains in the blood, to- 
gether with the waste substances dissolved 


in it, is removed by the kidneys. It leaves 
the body as urine! Some of the excess 
water passes as sweat out of pores in the 
skin, 

Bile is made by the liver out of worn-out 
red blood corpuscles.2 Therefore it is a 
waste product, even though it is essential to 
the digestion that takes place in the small 
intestine. It passes out of the alimentary 
canal along with the undigested materials. 


4. What Are Some Scientific Developments That Enable Us 
to Have Good Foods? 


PROGRESS TOWARD BETTER LIVING - 
Suppose that you had to do all your family’s 
shopping for food in stores like the best that 
existed fifty years ago. You would find the 


task discouraging. You would find few 


fresh vegetables or fruits except when the 


local gardens and orchards were producing 
Urine (ü'rtn). ?Page 363, il. A. 
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them. You would search in vain for many 
of the canned and packaged foods that are 
now so common. You would find no me- 
chanical refrigerators full of dairy products 
and eggs. There would be no use to look 
for frozen fruits, vegetables, and other foods. 
You would soon conclude that it was much 
harder half a century ago than now to pro- 
vide a balanced diet (illustration below). 
For thousands of years one of man's major 
problems has been that of keeping surplus 
foods from spoiling before they could be 


eaten. Nobody knows how, when, or where 
some person first discovered that, by drying 
meat or fish, he could keep it in a condition 
fit to eat, for a long time. - Doubtless this 
important scientific discovery was made by 
chance. Certainly it was made thousands 
of years ago. Probably it was not until cen- 
turies later that people learned to preserve 
meat and fish by smoking and salting them. 
Still later, perhaps, people learned that 
many foods remain fresh longer if they are 
kept cold. 


A general store of fifty or more years ago. Such stores sold everything that the com- 


munity commonly required. What foods can you identify here? 
"Timken-Detroit Axle Company 


FOOD SPOILAGE - People learned how to 
preserve foods many centuries before they 
found out why these methods were effective. 
It was only about a century ago that scien- 
tists knew for certain what causes foods to 
spoil, 

*The most common causes of food spoil- 
age’ are certain fungi,” namely, bacteria and 
molds. What is good food for us is good food 
also for them. When these organisms hap- 
pen to get into our foods, therefore, they 
thrive and multiply fast. The wastes from 
the bodies of most of them give the food a 
disgusting odor and flavor. Sometimes they 
make it poisonous to us. Perhaps you have 
read accounts of cases in which people have 
died of botulism’ or ptomaine* poisoning. 
Such poisoning results from substances pro- 
duced by certain bacteria in certain foods. 


DELAYING FOOD SPOILAGE OR PRE- 
VENTING IT - The spoilage of food can be 
delayed by slowing down the life activities 
of the fungi that are in it. If this is accom- 
plished, the fungi then multiply less rap- 
idly. The spoilage of any food can be en- 
tirely prevented if the organisms that are in 
it are all killed and if thereafter more organ- 
isms can be prevented from getting into it. 

By canning. Canning food accomplishes 
both the purposes just stated. In this process 
the food is first heated to a temperature high 
enough to kill all the bacteria and other 
organisms in it. It is then sealed air-tight 
in jars or cans. 

Recently a process has been invented by 
which whole fresh milk is canned without 
loss of values or flavor. 

By adding preservatives. The spoilage 
of many perishable? foods can be delayed 

'Spoilage (spoil^j): the act or the result of spoiling. 

?Pages 375, col. 2-377, col. 1. 


*Botulism (bách'óó lizm). 


“Plomaine (to'màn). 
SPerishable (p&r'ish à bl): 


easily spoiled. 


by the addition of food preservatives.® These 
are chemical substances that cause the bac- 
teria and molds in the food to multiply at a 
greatly reduced rate. The kinds and quan- 
tities of food preservatives that can be used 
are now controlled by the pure-food laws, 
Such laws are necessary for the reason that 
nearly all chemical substances that will kill 
micro-organisms in foods are almost certain 
to be more or less dangerous to people. 
There are, however, some harmless preserv- 
atives. The commonest ones are salt, sugar, 
and vinegar (illustration, p. 433). 

By dehydration. Any dricd food is 
partly dehydrated.’ Such foods as powdered 
milk, powdered eggs, dried onions, and 
dried parsley are almost completely de- 
hydrated. Dried fruits are partly dehy- 
drated. 

In the modern process of dehydration the 
foods are heated in a partial vacuum. The 
heating and the reduced air pressure hasten 
the drying process and make it more com- 
plete. 

By exposing foods to radiant energy 
and to electrons. Recently foods have 
been preserved for long periods by exposing 
them to certain waves of radiant energy.’ 
Such waves are especially effective in killing 
mold spores in bread. Recently, also, a way 
has been found to kill with beams of elec- 
trons all the organisms in foods that might 
cause it to spoil. The food, thus treated, has 
remained fresh in sealed packages for sev- 
eral years. 

By "quick freezing." As fruits and 
vegetables freeze, crystals of ice form inside 
their cells. If they freeze slowly, these 
crystals. usually grow so large that they 


"Preservative (pré zür'và tiv). 

"Dehydrate (dé hi'dràt): to remove the water from 
something, such as food, Dehydration (dé hi dra’shtin): 
the act. or process of dehydrating. SPage 175. 


[432] 


How the pioneers preserved meat. What methods of preserving foods do you think 
are being used here? 


break the cell walls. Later, as the foods 
thaw, their juices leak out through the 
broken cell walls. Consequently the foods 
lose many of their values, as well as their 
flavors. Also, they are likely to spoil 
quickly. When, however, fruits and vege- 
tables are ‘quick-frozen,” the ice crystals 
that form in their cells are too small to 
break the cell walls. Hence such foods are 
little changed by the process. 

Fruits and vegetables prepared for quick 
freezing are dipped into boiling water. The 
heat kills germs that may be on their sur- 
faces. Also, it stops in them certain chemical 
changes! that are taking place. They are 


!Page 257, ftnt. 4. 


then brought to a temperature many de- 
grees below 0? F. Thereafter they are kept 
in lockers or deep-freeze units at tempera- 
tures well below the freezing point of water. 


FOODS OF LITTLE VALUE - “Pop,” or 
"tonic," is a pleasant beverage. But it has 
little or no food value, except a small 
amount of energy from the sugar that it con- 
tains. Such a drink, moreover, is an expen- 
sive substitute for water as a “thirst- 
quencher.” 

Tea, coffee, chocolate, and cocoa, as well 
as some soft drinks, contain caffeine? Caf- 
feine is a poisonous drug. But these bever- 


2Caffeine (k&f'e Yn). 
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ages do not contain enough of it to harm 
adults, though possibly enough to harm chil- 
dren. Whether or not they contain enough 
to harm young people of your age has not 
yet been determined. It is certain, however, 
that fruit juices and milk are wholesome 
substitutes for such drinks. Cocoa and choco- 
late, as beverages, have considerable food 
value when they are made with milk. 


PROTECTING THE MILK SUPPLY - Man is 
the only mammal! that drinks milk all its 
life. Milk is essential for children and young 
people and is a valuable food for people of 
all ages. It provides both essential vitamins 
and necessary minerals, especially calcium. 
Milk is, however, one of the most readily 
contaminated? foods. It can easily become 
dangerous to drink because of the great 
numbers of tuberculosis,’ scarlet-fever, ty- 
phoid, or other disease germs that may have 
developed in it. The milk supply must 
therefore be secured and kept under the 
most sanitary conditions possible. 

By sanitation. To ensure a wholesome 
milk supply, the milk must be obtained from 
only healthy cows. In the most modern 
dairies the cows are milked under sanitary 
conditions and with milking machines. All 
the people who process milk should be free 
from infectious‘ diseases, such as colds, in- 
fluenza,? and tuberculosis. 

By pasteurization. Most of the milk now 
sold to homes is pasteurized.’ In this process 
the milk is heated to about 145? F and is 
kept at that temperature for fifteen minutes 
or more. It is then cooled rapidly and is 
immediately bottled. No hands touch the 


IPage 388. ?Page 54, ftnt. 4. *Page 391. 
‘Infectious (in fék'shüs), or communicable (kö mü'nt- 
kå b’l): capable of spreading from person to person. 
Influenza (in flóó &n'za). 
. VPasteurize (pás'tér iz), Pasteurization (pas tër t za’- 
shün). 


milk during the entire process. All the 
metal surfaces that the milk touches are 
sterilized’ beforehand. 


HOMOGENIZATION OF MILK - Homoge- 
nized? milk is milk that is first pasteurized. 
The cream is separated from it. Then the 
proper amount of cream is added to the milk 
to make whole milk of the desired richness. 
The milk is then processed in such a way 
that the cream particles are made too small 
to rise to the top. As a result, the cream 
remains equally distributed throughout. 


CHECKING QUALITY AND QUANTITY 
When you buy canned or packaged foods, 
do you examine the labels to find out what 
you are buying? Pure-food laws of both 
the United States and Canada compel man- 
ufacturers to declare on each container the 
exact weight and composition of its contents 
(illustration, p. 435). These laws are de- 
signed to protect consumers against food 
adulteration.? 

*A product is adulterated when some sub- 
stance is added to it that the pure product 
does not contain. One common kind of 
adulteration is the adding of substances tó 
make products more attractive. For ex- 
ample, coloring matter is commonly added 
to candies. If, in such cases, the coloring 
matter is harmless, then adulteration of this 
kind may often be desirable rather than 
undesirable. Another kind of adulteration 
is the adding of a cheaper substance to in- 
crease profits. To illustrate, a few dealers 
have been known to force water into 
dressed chickens in order to increase the 
weight and thus to “get chicken prices for 
the added water." Such adulteration is, of 

"Page 191, ftnt. 1. 

*Homogenize (hō mój'e niz). 
möj € nf za'shün). 

? Adulteration (à dül tër a/shün). 


Homogenization (hō- 
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Read the labels. Find out what you are buying 


Eat no raw or very rare meat. Pork and fish especially 
must be well cooked 


Can you explain the statements under these drawings? 


course, dishonest. A third kind of adultera- 
tion is the adding of preservatives to foods. 

I Such adulteration has already been dis- 
cussed (illustration A above). 

Our present pure-food laws protect the 
consumer against undesirable adulteration 
to a considerable extent. But more such 
laws are needed to extend, supplement, and 
improve the present ones. 


WHY COOK FOODS? Have you ever read 
Lamb's amusing essay on roast pig? In it 
the author tells how people might first have 
learned to cook. His account is pure fancy, 
of course, but it is nevertheless reasonable. 


"Page 432. 

2Charles Lamb: English author; lived, 1775-1834. 
The exact title of this essay is “A Dissertation upon 
Roast Pig.” Your English teacher or your school 
librarian can help you to find it. 


*Cooking is chiefly desirable as a means 
of killing disease germs, as well as the fungi 
that cause food to spoil. Thorough cooking 
of fish and meats is necessary in order to kill 
all the dangerous parasites that the meat 
may contain. These parasites include the 
worms? that cause trichinosist and tape- 
worm disease. In localities where sanitation 
is poor, it is not safe to eat any raw vege- 
tables. They may have on them such 
dangerous parasites as those that cause 
hook-worm disease and amebic dysentery 
(illustration B above). 

Cooking, especially cooking in a pressure 
cooker, makes tough meats more tender and 
coarse vegetable fibers softer. Thus it makes 
the food easier to digest. Vegetables have 
better flavors and retain more of their vita- 


3Page 388, il. 4Page 390, col. 1. 
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Cheap cuts of meat are as Eggs, milk,and cheese usually provide the 
wholesome as expensive cuts necessary proteins at less cost than meat 


Can you name several cheap cuts of meat? Can you name other sources of proteins 
than those indicated here? 


mins when they are cooked in only a little contains both vitamins and minerals. For 
water and for the shortest time necessary. that reason, it should be saved for soup or 
The water in which vegetables are cooked gravy. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write used by the cells of plants and animals for 


in this book.) Pages 421-424. 1. State building protoplasm are the carbohydrates. 


three purposes that food serves. 4, Name the essential non-energy foods 


2. The class or classes of energy foods and state one or more purposes served by 
that produce body heat are __?__. each. 


3. The only energy foods that can be 5. A balanced diet is one that supplies 
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all the necessary energy and non-energy 
foods. 

Pages 424-426. 6. All digested foods 
are solutions of food substances. 

7. Foods that are partly digested by 
the saliva are (1) proteins; (2) milk; (3) 
sugars; (4) starches; (5) minerals; (6) fats. 

8. Digestion is brought about by chemi- 
cal substances called hormones. 

9. The digestion of energy foods is com- 
pleted in the (1) mouth; (2) stomach; 
(3) small intestine; (4) pancreas; (5) large 
intestine. 

10. Food is absorbed through the walls 
of the .- fe: 

Pages 426-430. 11. Name the organs of 
the circulatory system. 

12. The blood cells that “devour” germs 
are the __?__; those that carry oxygen to 
the cells, and waste materials from them, 
are the o Eme 

13. The blood passes out of an artery 
into __?__ and out of --?-- into a vein. 

14, If you cut your finger, you will cer- 
tainly sever capillaries and perhaps also an 
artery or, if the cut is deep, even a vein. 

15. The process by which cells build pro- 
toplasm is (1) digestion; (2) assimilation; 
(3) respiration; (4) excretion; (5) oxidation. 

Pages 430-436. 16. The organisms that 
cause foods to spoil are yeasts and molds. 

17. State at least five methods of food 
preservation. 


18. The most valuable one of the follow- 
ing foods is (1) milk; (2) “pop,” or“ tonic”; 
(3) coffee; (4) chocolate; (5) alcohol; 
(6) tea. 

19. A food in the preceding list that is 
easily contaminated with disease germs is 

20. Adding white sand to sugar to make 
the sugar weigh more would be an example 
Of ede 3. 

21. State three purposes served by cook- 
ing foods. 


SCIENTIFIC PRINCIPLES - 1. "All organ- 
isms require energy in the form of food. 

2. PBefore an organism can use food, the 
food must be changed to the liquid state. 

3. PEvery plant and animal carries on all 
the processes of nutrition. 

4. PMany organisms are constantly com- 
peting for the available food supply. 


SCIENTIFIC TERMS 


Talimentary canal — [enzyme 

*artery Tesophagus 
*assimilation *excretion 

*plood vessel *food 

}capillary *non-energy foods 
*circulation *respiration 
*circulatory system trespiratory 
*digestion *saliva 

*digestive fluid *vein 

*energy foods *vitamin 


Applymg and. Extending What You Know 


AS SCIENTISTS WORK AND THINK : 1. 
“Would you eat a piece of octopus?" Tom 
asked. 

"No" said Ellen. "I should say I 
wouldn't, that is, not if I knew it was oc- 
topus ^? 

“Why not?" said Bill. “Because an 
octopus isn't pretty?" 


“I just couldn't ever bring myself to eat 
one of those horrid things," said Ellen. 

«Well, I wouldn't mind trying one," said 
Tom. “If it were cooked right, it might 
not be bad." 


What scientific attitudes are indicated 
in this conversation? 
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2.'One man’s meat is another man’s 
poison” is a common saying. Is this state- 
ment a principle, a theory, or a fact? Ex- 
plain. 

3. Said an old woman, “When I was 
young, I read in a magazine that one should 
not eat oranges and drink milk at the same 
meal, or drink tea while eating fish. So I 
never have done either of these things." 
Which scientific attitudes did the old woman 
lack? 

4. Plan an experiment to secure some 
evidence as to whether your heart beats 
faster after exercise than it did before. Try 
to use in your experiment all eleven of the 
elements of scientific method. 


CONSUMER SCIENCE - 1. Suggest that 
your class elect a member to write to the 
department of agriculture of your state or 
province for information about how and 
for what diseases dairy herds are inspected. 

2. Perhaps you have heard the statement 
“Read your labels before you buy." What 
should you look for on the label of canned 
or packaged food? 

3. What is "enriched" flour? The label 
on a bag or package of it will tell you. 
What advantages are claimed for the use of 
enriched flour, instead of ordinary flour, 
for making baked goods? 

4. What values do you think the so- 
called “health foods" have? Such foods 
usually consist chiefly of whole grains. 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. Can you think of some things that 
you eat that would not be classified as food? 
Why would they not be so classified? 

2. Why is it not desirable to wash down 
your food with water? 

3. Which of the three foods carbohy- 
drates, fats, and proteins do you think that 
you could least well do without? Explain. 


4. Blood flowing in arteries contains oxy- 


gen and therefore is red. Blood flowing in 
veins contains much carbon dioxide and 
hence is bluish.. Can you explain why blood 
from either a cut artery or a cut vein is red? 

5. Why does the blood pulse in an artery, 
but not in a vein? 

6. Can you explain why fish are likely to 
swim into deep water on a hot day? 

7. Frozen fruits and vegetables that have 
been thawed should not be frozen again. 
Why? 

8. Can you explain why milk, more 
than almost any other food, needs rigid’ in- 
spection and sanitary processing? 


EXPERIMENT - Do certain fruits and 
vegetables contain vitamin C? First, you 
need an indicator! for vitamin C. It must 
be a substance that will change in a certain 
way when something that contains vita- 
min C is added to it, but that will not change 
when something that does not contain vita- 
min C is added. Indophenol? will serve as 
the indicator, orange juice or lemon juice as 
the substance known to contain vitamin C, 
and water as the substance known not to 
contain it. 

Add 100 cubic centimeters of water to 50 
cubic centimeters of indophenol. Since 
water is known to contain no vitamin Q, it 
will not change the color of the indophenol, 
except to make it a lighter blue. Pour into 
a test tube a little of the diluted indophenol 
that you have just prepared. Add the 
orange juice or lemon juice to it, a drop at 
a time, until the indophenol changes color. 
This color change is the test for vitamin C. 
If any fruit or vegetable juice changes the 
color of diluted indophenol when it is 


Undicator (in'dt ka tér): in chemistry, a substance 
that changes in color or in some other visible way 
when a certain other substance comes in contact with 
it. The change in appearance indicates the presence 
of the other substance. Litmus paper (p. 25, ftnt. 2) 
is an indicator. . 

"Indophenol (tn do fe/nol): a blue dye of a certain 
kind. 
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Eating for health is more than merely a matter of choosing the right foods. Food is 
more readily digested if it is served attractively in pleasant surroundings. What energy 
foods can you identify here? 


added to it in the way just described, then 
you can be certain that that juice contains 
vitamin C. 

Test the juices of different fruits and 
vegetables for vitamin C. Which ones con- 
tain this vitamin? 


In the test experiment water was the con- 
trol, and the presence of vitamin C in the 
orange juice or lemon juice was the experi- 
mental factor. Explain. 

Why, in this experiment, is it important 
to have a control? 
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Values of Average Servings of Foods! 


[Select foods in each division which together supply the daily requirements (footnote 2). 
From the facts shown here, do you think that your own daily diet is adequate? | 


AMOUNT OF ONE SERVING? 


NAME OF FOOD 


MILK AND MILK PRODUCTS 
Milk, fresh, whole 
Butter 
Cheese, American (or Cheddar) 
Ice cream, vanilla 


CEREALS AND BREADS 
Cornmeal, yellow 
Macaroni 
Oatmeal 
Rice, white 
Bread, white, enriched 
Bread, whole wheat 


MEAT, POULTRY, FISH, EGGS 
Beef, lean 
Veal cutlet 
Liver, calf 
Lamb chop 
Bacon 
Pork chop, lean 
Chicken 
Oysters 
Eggs, whole 


VEGETABLES 
Asparagus, green 
Beans, green, string, fresh 
Beans, green, stringed, canned 
Beans, navy, dried 
Beets 
Cabbage 
Carrots 
Cauliflower 
Celery 
Corn, yellow, canned 
Lettuce, head 
Onions 
Peas, canned 
Potatoes, white 
Spinach, fresh 
Sweet potatoes 
Tomatoes, fresh 
Tomatoes, canned 
Turnips, white 


FRUITS 
Apples 
Bananas 
Grapefruit juice, canned 
Oranges 
orango juice, canned 
Peaches, canned 
Pears, canned 
Pineapple, canned 


OILS AND SPREADS 
Margarine, vitamin A added 


3 pint 
1 tablespoon 
l} x1 x lin 
4 pint 
3 cup, cooked 
3 cup, cooked 
3 cup, cooked 
i cup, steamed 
2 slices 
2 slices 


1 in., broiled 

1 in., broiled 

x $ in., broiled 
1 chop, broiled 

4 small slices, broiled 
1 chop, broiled 

31 x 2 x $ in., roasted 

B on 


x 
x 


x2 
x2 
x2 


6 stalks 
3 cup cuts, cooked 
å cup 
4 cup, cooked 
4 cup cubes, cooked 
1 cup, chopped 
4 cup cubes, cooked 
1 cup, cooked 
2 hearts 


cu 
i sel head 
2 small 
1 cup 
1 small 
3 cup, cooked 
1 small 
1 small 
à cup, scant 
4 cup cubes, cooked 


1 medium 
1 medium 
4 cup, scant 
1 medium 
4 cup, scant 
1 half with syrup 
2 halves with syrup 
1 slice with syrup 


1 tablespoon 


Reprinted from the Food Chart by courtesy of General 
Foods Corporation. 

*Amount of serving gives measure of food as prepared, and 
weight of the raw edible portion required per serving. Ex- 
ception: with dishes like cocoa, ice cream, bread, bran muffins, 
cake, fudge, pudding, etc. weight is given for the made prod- 
uct, not the raw ingredients. 

*The following are the minimum daily requirement stand- 
ards for an average adult as set up by the Federal Food and 
Drug Administration: Protein, 70.00 gm; Calcium, 0.75 gm 
(750 mg); Phosphorus, 0.75 gm (750mg); Iron, 0.01 gm 
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(10 mg); Vitamin A, 4000 units; Thiamine (Bi), 1 mg (333 
units); Riboflavin (Be, or G), 2 mg; Niacin, 10 mg; Ascorbic 
Acid (C), 30 mg. Vitamin D is not listed on the Food Chart, 
since only a few foods are good sources of this vitamin. These 
foods include liver of all kinds, milk, butter, eggs, and fish that 
is high in body-oil content. 

‘Key to symbols used in chart * Ratings for fiber are rela- 
tive: — indicates little or none; +, some; ++, a good source; 
+++, an excellent source, 0 indicates no detectable amount. 
* indicates value not determined. ** indicates calcium not 
nutritionally available. 
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TOWARD A HEALTHIER WORLD 


1. What Are the Nature and the Causes of Some Common 
Diseases? 


DOCTORING LONG AGO : In earlier times 
it was much more common than now for a 
family to have a "doctor book.” Culpepper's 
Family Physician, published about a century 
and a quarter ago, was a popular volume of 
this type. In it were some strange remedies. 
It advised, as a cure for whooping cough, a 
“tea” made by soaking a white-hornets' nest 
in water. A remedy that it recommended 
for asthma! and “phthisis,’? or tuber- 
culosis, was a mixture prepared by adding 
a pound of brown sugar to a pint of earth- 
worms. In colonial times some people 
thought well of a remedy for cramps made 
of molasses and dried bumblebees. In those 
days a common practice intended for pre- 
venting chest colds was to bind sliced salt 
pork and sliced and peppered onions against 
the neck, with a black stocking. 

It must not be thought that all the popu- 
lar "family remedies" of earlier days were 
as foolish as these. Many were sensible and 
more or less effective. A considerable pro- 
portion of them, however, were based partly 
or wholly on superstition (illustration, 
right). These provide a sharp contrast to 
modern medical practice in combating dis- 
ease, which is based on a constantly and 
rapidly growing body of scientific knowledge. 


GERM DISEASES - There are two classes of 
diseases: the germ diseases and the non- 


14sthma (4z'ma). 2Phthisis (thi'sls). 


germ diseases. Germ diseases are caused by 
parasites! that can be transmitted from sick 
3Page 377, col. 1, def. 


How an artist made fun of the measures that peo- 
ple took to prevent contracting cholera during 
the epidemic of 1832. What caused cholera was 
not known until fifty years later, when its germ 
was discovered by the German scientist Koch. 
Which of the scientific attitudes is or are 
suggested by this drawing? 


Schoenfeld Collection, from Three Lions 
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Geoff e of Medical Research (photo) 


Types of disease germs and diseases that certain ones of them cause. To which type 


of bacteria do you think those in the photograph belong? They were photographed 
through an electron microscope which magnified them 21,500 times. Can you name 
some disease germs that are neither bacteria nor protozoans? 


persons to well ones. Hence they are known 
as infectious or communicable diseases. One 
frequently hears of somebody’s “catching” 
such a disease or having a “catching 
disease.” 

Some kinds of germs pass directly from 
a sick person, who is their host,! to another 
person, who may then become their host. 
The latter may become sick with the partic- 
ular disease that those germs cause. Certain 
germs of this type cause colds and tubercu- 
losis. Other kinds of germs pass from sick 
people to well ones indirectly. They are 
brought from one person to another by flies, 
mosquitoes, and other carriers.2 Examples 
of such kinds are the germs of malaria and 
those of Rocky Mountain spotted fever. 

Classes of disease germs. Most of the 
parasites that cause diseases are microbes. 


Page 377, col. 1, def. *Pages 391—392, 394, 
*Microbe (mi'krób): a minute plant or animal, usu- 
ally of a kind that can cause a disease, 


Some are plants, others are animals, and 
still others are viruses.! 

The plant germs are fungi, mostly bac- 
teria. These bacteria are of three types: the 
ball-shaped,° the rod-shaped, and the spiral 
bacteria’ (illustration above). 

Most animal germs are protozoans. A 
few parasites that cause human diseases 
belong to higher animal groups. These in- 
clude both the worms that cause trichinosis* 
and tape-worm and hook-worm diseases, 
and the mites? that cause itch and black- 
heads. Such animals, however, are not al- 
ways classed as germs. 

It is not yet known whether viruses are 
living or non-living things. ‘They seem to 

‘Virus (vi'rüs). . 

‘Scientifically known as cocci (kók'si); singular, 
coccus (kók"üs). 

‘The bacilli (bà sil’i); singular, bacillus (bà sil'üs). 1 

"The spirilla (spi ril à); singular, spirillum (spi- 
ríl'üm). ‘Page 390, col. 1. à 

*Mites are arthropods. Pages 387 and 388, il. 
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be somewhere between lifeless, inorganic! 
bodies and living, one-celled organisms. 
Yet they act like parasites. They live inside 
a plant or an animal host, they grow, they 
multiply, and they make the host sick. 

No viruses have yet been seen, even with 
an electron microscope. Some, however, 
have been photographed through such a 
microscope. 


NON-GERM DISEASES - Non-germ dis- 


eases are due to many causes. Some of the. 


most common .and most serious causes are 
wrong diets, the abnormal? growth of tissues, 
and the failure of body organs to function 
normally. 

Diseases caused by wrong diets. The 
diseases that are caused by faulty diets are 
deficiency? diseases and some allergies.* The 
deficiency diseases are those that result from 
a lack of some necessary substance in the 
diet. These diseases are the “hidden hun- 
gers” and the diseases caused by the lack of 
certain vitamins. 

Deficiency diseases, or “hidden hungers.” This 
name is given to abnormal conditions due 
to the lack of essential minerals.’ Cells can- 
not perform their functions effectively if 
any necessary mineral is lacking. Further- 
more, serious diseases often result from 
mineral deficiencies. For example, anemia,° 
a blood disease, may be caused by a lack of 
iron and copper. 

1Page 252, ftnt. 1. 

? Abnormal (4b nôr'măl): not normal; differing from 
the regular or usual. 

5Deficiency (de fish’én si). *Page 25, ftnt. 4. 

^Mineral has different meanings in different branches 
ofscience. In biology it means an inorganic chemical 
compound from which plants and animals secure ele- 
ments that they need. In chemistry and geology it 
means an inorganic element or a chemical compound 
that is on or within the solid earth. In this section 
the first of these definitions applies. In the next unit 


the second applies. 
SAnemia (à n&mt à). 


A well-balanced diet should provide all 
the minerals that we need. But vegetables 
and fruits will not contain these substances 
unless the soil in which they grew contained 
them. Every crop takes out of the soil cer- 
tain minerals. If these are not put back into 
the soil, in succeeding years the crops grown 
in the same soil will have smaller and smaller 
quantities of them. Land that has been 
gardened or farmed for many years is, there- 
fore, almost certain to lack some minerals 
essential to our health. It will lack them 
even though ordinary fertilizers have been 
added to the soil every year. How to main- 
tain the mineral content of the soil is a major 
problem of agricultural science. 

Diseases caused by vitamin deficiencies. Com- 
mon diseases due to vitamin deficiencies in- 
clude scurvy, rickets and pellagra* (illus- 
tration, p. 444). 

Scurvy results from a deficiency of vita- 
min C? Painful joints and internal bleeding 
are two effects of this disease. 

Pellagra develops when there is a lack of 


a certain B vitamin.” Pellagra causes red- 


ness and swelling of the skin and soreness of 
the tongue and the mouth. 

Rickets may be due either to a lack of 
vitamin D or to a lack of the minerals cal- 
cium and phosphorus or to both lacks. 
Without these minerals bones and teeth will 
not develop normally. Without vitamin D 
the body cannot use these minerals, even 
though they are present. Children's bones 
and teeth develop abnormally if they have 
rickets. 

The deficiency diseases can nearly always 
be prevented or cured by eating foods that 
supply all the essential minerals and vita- 


"Rickets (rik’éts). 

8Pellagra (pé la’gra). 

Vitamin C is ascorbic (a sk6r’bik) acid. 
Nicotinic (nik 6 tín'Ik) acid, or niacin (ni'à sín). 
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mins. But unless the diet supplies all these 
necessary substances, the bones, teeth, or 
other structures cannot develop normally. 
They may even become permanently injured. 

Allergies. Many allergies are due to eat- 
ing certain foods to which one is allergic,! 
or sensitized.” Many other common ones 
are caused by flower pollens, dust, and 
molds. Some allergies cause conditions sim- 
ilar to those that accompany a bad cold. 
Others may cause a skin rash, asthma, or 
hives, or they may affect some vital organ. 

Allergic conditions can be prevented or 
cured if the allergic person can find out what 
foods or other things are causing them, and 
can thereafter avoid these substances. But 
it is difficult to accomplish this because there 
are so many allergies. Furthermore, no two 
people are likely to have exactly the same 
ones. Doctors can usually help allergy suf- 


Page 25, ftnt. 4. *Sensitize (stn’st iz). 


ferers, and can sometimes cure them, by 
giving them either certain drugs or special 
"shots" or both (illustration, p. 445). 
"Shots" is the common term for inocula- 
tions? or injections, made under the skin 
with a hypodermic? needle. 

Diseases due to abnormal growths. 
*The term abnormal growth suggests cancer. 
But relatively few of the abnormal growths 
that develop on the skin or inside the body 
are cancers. Yet such growths as warts and 
moles may become cancers, especially if they 
are “picked at" or otherwise irritated. 

*People of any age can have cancer. 
Moreover, such a growth can develop on 
or in any part of the body. Furthermore, if 
cancer is allowed to develop, it is fatal. Usu- 
ally, if it is discovered in its early stages, and 

*Inoculation (in ök ü la'shün). 
‘Injection (in jék'shün). 
5SHypodermic (hi po dür mtk). 


MN Le a Sai uu 


The effects of different vitamin diets on rats. What do you think that the lines on the 
chart behind the rats are intended to show? 


"The Upjohn Company 
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is immediately removed by surgery’ or is de- 
stroyed by X rays or radium, it presents no 
danger. 

Diseases caused by the failure of body 
organs to function normally. There are 
many such diseases. Common ones that 
are often fatal are high blood pressure and 
diseases of the heart. Diseases and other 
abnormal conditions result when certain en- 
docrine,? or ductless, glands produce either 
too little or too much of their hormones. 
One type of goiter? results when the thyroid 
gland fails to produce enough of a certain 
hormone. Another type results when the 
thyroid gland produces too much. Dia- 
betes* is brought about by the failure of the 
glands in the pancreas to produce enough 
of one essential hormone. 

Some hormone deficiencies can now be 
made up by taking the necessary hormones 
in tablet form or by injections. Normal 
health and development can thus be main- 
tained. But such treatments should be 
taken only under a doctor’s directions. 


Alfred A. DeLardi, from Pennsylvania Salt Manufacturing Company 

A recent invention gives hypodermic 
injections without a needle. What advan- 

tages do you think such an instrument 


would have? 


2. What Are Some Common and Effective Methods 
of Disease Prevention? 


FIRST AID - When you were younger, did 
you ever "go barefoot” for a day or longer? 
If so, you probably stubbed your toes now 
and then, and perhaps sometimes severely 
enough so that one bled. In such a case 
some grown-up probably applied sensible 
first aid to the injured toe. But such was not 


Surgery (sür'jérY): the branch of medical science 
that deals with the correction of defects in bodily 
structures. 

?Page 416, col. 2. 

*Goiter (goi'tér). Goiter is often classed as a “hidden 
hunger" because it is due to a lack of enough iodine 
in the diet. 

‘Diabetes (di à be'tez). 


the practice when your great-grandparents 
were children. Rarely in those days did 
anybody even wrap up a “little thing” like 
a bleeding stubbed toe. Instead the injured 
child usually just "let it go.” Sometimes, 
however, he or she applied a unique first- 
aid treatment that was then popular with 
children. It consisted of pouring dust, if 
dust were available, on the bleeding toe 
until the bleeding stopped! Dangerous? 
Of course! But not many people of those 
times realized how terribly dangerous it was. 
Not many people then knew that tetanus’ 


5Tetanus (t&t'a niis). 
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before the football game? 


and other infections! might be contracted 
in that way. 


METHODS OF DISEASE PREVENTIONS - 
Modern first aid for open wounds is one as- 
pect of disease prevention. Other aspects 
are the various ways by which people are 
prevented from contracting certain diseases, 
a few of which were mentioned in the pre- 
ceding section. There would seem to bea 
great variety of methods or practices that 
are effective in preventing diseases. Yet all 
these can be put into three groups: 


"Infection (ïn fék'shün): a germ disease. 


*Methods and practices that build up the 
body's natural resistance to diseases 

"Those that reduce the chances of be- 
coming infected with parasites that cause 
diseases 

*Those that prevent germ and non-germ 
diseases from developing, or at least from 
becoming as severe as they otherwise would 

Building up the body's natural re- 
sistance to diseases. This general purpose 
is served by any practice that promotes good 
Physical health or good mental health. 
Both kinds of health are equally important. 
We cannot have one unless we have the 
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ane, from Black Star 
How are both physical and mental health being promoted by these activities 


other too. Good physical health is secured 
and maintained by such practices as eating 
well-balanced meals and getting enough ex- 
ercise, rest, and sleep. Good mental health 
depends on such factors as learning to get 
along well with others so that one can enjoy 
being with them, and having enough recrea- 
tion along with one's work. “Have fun!" 
is a good rule to follow, provided that the 
fun is properly balanced with work (illus- 
trations, pp. 411 and 446). 

Reducing the chances of becoming in- 
fected. By first aid. As is indicated above, 
applying first aid to open wounds belongs in 
this group. First aid is discussed in a later 
section. 

By sanitary measures. Do not needlessly re- 
main near a person who you know has a 
highly infectious disease. A person with a 
cold or other respiratory! infection should, 
of course, sneeze or cough into a handker- 
chief or into paper tissues that can be 
burned, But even though he is careful to do 
this, nevertheless he sprays minute drops of 
saliva into the air around him whenever he 
talks. You can become infected by breath- 
ing these germ-laden drops. . When taking 
care of a person who is sick with a commu- 
nicable disease in your home, you should pro- 
tect your nose and mouth with a gauze 
mask. 

A common way of “catching” a germ 
disease is to handle articles that have been 
used by a person who has a communicable 
disease. He is almost certain to have germs 
on his hands. They get on our hands from 
the articles that he has handled. We are 
likely then to become infected by the germs 
thus transferred. 

Soap, an effective germ-killer. Dishes, forks, 
and spoons that have been used by a person 
who is sick with a respiratory infection or 

!Page 429, col. 1. 


with such another disease as diphtheria* or 
scarlet fever are certain to have on them 
some germs of that disease. A well person 
can become infected by using these utensils 
if they have not been sterilized’ (illustration, 
p. 448). 

Much of the danger of becoming infected 
in either of the ways described in the preced- 
ing two paragraphs can be eliminated by the 
use of soap or detergents* and hot water. 
Soap is an effective germicide? Laundering 
garments in soap-suds and hot water de- 
stroys most of the germs on them. Hanging 
the clothes to dry in the sunshine and air 
can then almost completely sterilize them. 
Washing dishes in hot, soapy water kills 
germs on them. Rinsing them in scalding 
water kills additional ones. Dish-washing 
machines that first wash the dishes and then 
rinse them more than once in boiling water 
sterilize them effectively. Boiling knives, 
forks, and spoons in water for twenty min- 
utes kills all the germs on them. 

The chief value of using soap for washing 
one’s hands and for bathing is that the soap 
and water remove probably most of the 
germs from the skin. The effectiveness of 
ordinary toilet soap in reducing the dangers 
of infection is great, as this evidence indi- 
cates: Recently cakes of soap collected from 
all sorts of wash-rooms were examined for 
germs, but no living germs were found on 
any of them. 

Germ-killing soaps. During the Second 
World War a certain white powder® that is 
highly germicidal’ was invented.’ This 
powder is now being used in making soap. 

? Diphtheria (dif ther^t å). 

3Page 190, col. 2, and 191, col. 1; ftnt. t 

4Page 64, ftnt. 1. 

5Page 54, ftnt. 6. 

SHexachloroprene (hék så klo'ro prén). 

"Germicidal (jür m sid’&l): germ-killing. 

3By William S. Gump, an American chemist. 
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How well are the glasses, spoons, and dishes 
washed at the place where you buy ice cream and 
soft drinks? Are they merely rinsed in cold 
water? rinsed in warm water? thoroughly 
washed? sterilized? Why should it be worth 
while to find out? 


ar 


Suds made from this soap kill more germs 
on the skin than ordinary soap. Further- 
more, the germicidal substance in the soap 
is absorbed by the skin. It continues to kill 
germs after the bathing is over. This sub- 
stance is now being used with considerable 
success in treating certain skin infections, 
especially those of young babies. But pre- 
cisely how much more effective as germi- 
cides these special soaps are, than ordinary 
soaps, has not yet been fully determined. 


By reducing the numbers of carriers of disease 
germs. Flies and mosquitoes and a few other 
arthropods are the chief carriers of disease, 
Ways of reducing the numbers of these ene- 
mies have already been discussed.| Mos- 
quitoes breed in water. Therefore a highly 
effective means of reducing the numbers of 
mosquitoes is to pour oil on swamps and 
ponds? A thin film of oil spreads over the 
surface of the water. The mosquito larvae 
and pupae cannot thrust their breathing 
tubes up through this film into the air (illus- 
tration, p. 449). Hence they smother. The 
mosquito population can be further reduced 
by destroying their breeding places. This 
is done by such means as draining pools, 
emptying cans of standing water, and 
screening cisterns and rain barrels. 

Flies breed in filth and refuse. Their 
numbers can be most effectively reduced, 
therefore, either by getting rid of materials 
in which they can breed or by preventing 
them from getting to these materials. 


By preventive inoculations. All of us are con- ' 


stantly being attacked by disease germs that 
get into our bodies. Our white corpuscles‘ 
and other body defenses usually are able to 
kill the germs and prevent our becoming 
Sick. But so long as germs remain alive in 
our bodies, they continue to produce toxins.’ 
A toxin is a poison. Every germ produces 
its own special kind of toxin. The presence 
in the blood of any toxin causes the body 
cells to begin to make a special antibody.* 
This antibody counteracts, or makes harm- 


'Pages 392-393, 

*Page 69, col. 1. 

‘Page 66, ftnt, 10. 

‘Page 363, il. A. 

‘Toxin (tök'sľn). 

‘Antibody (&n'tt böd Y): one of several kinds of 
chemical substances made by the body cells, each of 
which helps the body to resist the attacks of some par- 
ticular kind of disease germ. 
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less, that particular toxin. But it is not ef- 
fective against any other. 

The antibodies in a person’s blood and 
his other natural body defenses together 
provide only partial immunity’ against at- 
tacks by disease germs. Sickness may result 
if germs in great numbers suddenly get into 
one’s body. But the body’s resistance to such 
attacks can be increased by means of inocu- 
lations (illustration, p. 445). Serums’ are 
commonly used for such preventive’ inocula- 
tions. Most serums are made from the blood 
of horses or other animals that have been 
infected with a particular disease. Each 
serum causes the body cells to make more 
antibodies of the kind that will counteract 

lImmunity (f mini ti): ability to resist attacks by 
disease germs. 

2Serum (ser'üm): the part of the blood that is left 
after the blood clots have been removed, 


3Preventive (pré vén'tiv): preventing or tending to 
prevent. 


The life histories of two dangerous animals. 
of these two insects like that of the butterfly? like that of the frog? 
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Common housefly 


the toxin of some certain disease. Thus the 
person's immunity to that disease is in- 
creased. As a result, he may be able to 
escape it entirely. Even though he does not, 
he will probably be less sick than he would 
have been without the shots. 

Young children are now given series of 
preventive inoculations to build up their 
resistance to common dangerous diseases. 
These diseases include diphtheria, whooping 
cough, small-pox, and tetanus. People of all 
ages are given preventive inoculations for 
certain diseases to which they have recently 
been exposed. Probably you have been 
vaccinated for small-pox when cases of that 
disease have been reported in your neigh- 
borhood. Similarly, if you suffer a deep 
cut, the doctor is likely to give you a preven- 
tive anti-tetanus shot. Some physicians be- 
lieve that everybody should, from time to 


time, be given anti-tetanus inoculations. 


In what ways are the life histories 
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Why? Because tetanus germs are prac- 
tically always found in any sample of dust. 
Hence these germs are likely to get into any 
wound. 


By surgery. Often a surgeon will remove, 
while it is still harmless, a wart, mole, or 
other growth that might later develop into 
a cancer. 


3. How Is the Body Helped to Overcome Diseases? 


PREVENTION AND CURE - All the ways of 
keeping people from becoming sick, includ- 
ing those that have been described in the 
preceding section, together make up what 
is known as preventive medicine. Scientific 
preventive medicine is fairly new. The idea’ 
of preventive medicine, however, is very old. 
Thousands of years ago primitive peoples 
wore charms of various sorts to keep away 
evil spirits that might make them sick. 
Some people even today wear such charms. 
They wear about their necks little bags of a 
certain drug to prevent scarlet fever. Some 
carry horse-chestnuts to prevent rheuma- 
tism. 

The Chinese pay their doctors to keep 
them well. As soon as a Chinese becomes 
Sick, he stops the payments to his doctor 
until he has recovered. 

Modern preventive medicine is constantly 
being made more effective. Yet serious ill- 
nesses are still common, and may always be. 
Hence it is important to know some of the 
ways in which science helps sick people to 
get well. 


HELPING THE BODY TO RECOVER ITS 
HEALTH - By conserving its energy. Prob- 
ably you have seen this warning on signs 
near hospitals: ‘‘Hospital—Quiet Zone." 
Rest and quiet are ordered by physicians in 
cases of serious illness, A patient who is 
quietly resting has most of his energy avail- 
able for fighting the disease. 

By giving inoculations. 
are given for curing diseases, 


Inoculations 
as well as for 


preventing them. Such injections may help 
a sick person in one of three ways: 

Like preventive inoculations, they may 
cause the cells to produce more of a needed 
antibody. 

They may provide additional quantities 
of it. 

They may contain drugs that will kill the 
germs. Many drugs of this kind are given 
by mouth, as well as by inoculations. 

By giving “wonder drugs.” Sulfa! 
drugs came into wide use less than twenty 
years ago. Their manufacture became pos- 
sible after chemists had learned how to build 
compounds by arranging, in definite ways, 
the atoms of the elements composing them. 
Certain sulfa drugs are used successfully in 
combating pneumonia,’ meningitis? and 
many other bacterial diseases. 

Numerous germ diseases are now for the 
first time being treated successfully by the 
use of antibiotics. Penicillin’ was the first 
antibiotic to be discovered (illustration, p. 
451). It came into use during the Second 
World War, when it proved highly effective 
in curing wound infections. Now there are 
many antibiotics, and new ones are fre- 
quently being discovered. 

Antibiotics do not kill germs directly. 
They prevent, or at least delay, their grow- 
‘Page 7, col. 2. Pneumonia (nū mo'nt à). 
"Meningitis. (měn Yn ji'tis). ; 

‘*Antibiotic (ăn tY bi öt'Yk): a substance that is 
given off usually by bacteria, molds, or other fungi 
and that will prevent the growth and multiplication of 


certain other bacteria or other fungi. 
‘Penicillin (pěn Y sil’in), 
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ing and multiplying. Radioactive penicillin 
is now being used in experiments to find 
out exactly how it accomplishes these results. 

Recently “hormone drugs" have earned 
a prominent place in the list of “wonder 
drugs." Two important drugs of this type 
are ACTH! and cortisone. ACTH is made 
from the pituitary glands of “meat animals.” 
Cortisone is manufactured from sources that 
include the bile of cattle killed for beef, 
Mexican yams, and coal tar.* These drugs 
are proving effective in treating severe 
burns. They are effective also in relieving, 
if not curing, diseases such as certain types 
of arthritis and rheumatic? fever. 

By surgery. Many non-germ diseases 
and some germ diseases can be cured only 
by surgery. The non-germ diseases include 
cancer and other growths. The germ dis- 
eases are represented by certain types of 
tuberculosis. 


THE IMPORTANCE OF DISCOVERING 
DISEASES IN THEIR EARLY STAGES - Dis- 
eases often can be prevented from becoming 
serious if they are discovered in their early 
stages. Cancer is such a disease. Others are 
tuberculosis and certain disorders of the 
heart. Often, however, by the time a person 
suspects that he may have one of these dis- 
eases, it is too late for him to be cured. 
Therefore it is sensible for everybody to have 
a thorough physical examination every six 
months (illustration, p. 452). Also, it is 
wise not to “put off” consulting à doctor 
about any pain or other symptom? that 
continues or that returns. 


14CTH (a'se'te'ach"). 

2Cortisone (kàr"tt zon). 

*Page 7, col. 2. 

^ Arthritis (ar thri’ tis). 

5Rheumatic (roo mat’Yk). 

5Symptom (stmp’ttim): anything that indicates a 
diseased condition of the body. 


B Chicago Natural History Museum 


A, a colony of the mold that produces penicillin; 
and B, how a bit of the colony the size of a pin- 
head looks under a powerful microscope. To 
which of the groups of plants illustrated on page 
376 do you think this mold belongs? 


LEunsu aei ee 


SELF-DOCTORING - In colonial and pio- 
neer days, when there was sickness, self- 
doctoring was necessary. The patient often 
lived miles away from his nearest neighbor 
and a longer distance from any doctor. 
Only home remedies and treatments were 
available. Often these were not effective. 

It is not unusual for the same symptoms 
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Plummer, from Monkmeyer 
*It is sensible for everybody to have a dental ex- 


amination, as well as a physical examination, 
twice a year. Why? 


to accompany two or more different dis- 
eases. Only a physician has the training 
necessary for finding out what disease a sick 
person has. It is not safe for a person to de- 
cide for himself what disease is making him 
ill or what the treatment should be. It is 
not safe to let anybody but a doctor make such 
decisions. 

Patent medicines in great variety can be 
bought in any town. The pure-drug laws 
force the manufacturers of such preparations 
to declare on the label of each bottle or other 
container exactly what it contains. These 
laws also forbid any patent medicine to be 
represented as a cure. But the advertising 
claims for patent medicines are still often 
greatly over-stated. 

Most patent medicines are harmless. But 
the chances that they will help the body to 
overcome a disease are usually slight. Fur- 
thermore, by trying them, the sick person 
may delay consulting a doctor until too late. 


4. What Should Be Done in Common Cases Needing First Aid? 


STUPID BEHAVIOR - During every week 
end that is extended to include a national 
holiday, hundreds of people die from acci- 
dents in the United States. Many thousands 
of others are injured. Most of these deaths 
and injuries occur on the highways. Many 
deaths result from drowning. 

In more than one recent year, as many as a 
hundred thousand deaths from accidents have 
occurred in the United States. It has, in fact, 
been estimated that one out of every three 
American children will suffer from an auto- 
mobile accident at some time during his life. 

In a vast majority of cases the accidents 
need not have occurred. Most of them did 
occur because somebody acted in a stupid 
way. Driving too fast and taking other 
chances while driving are among the most 


common examples of such stupid behavior. 
"Showing off” is another. “I didn't stop to 
think” or “I was careless” are not excuses for 
having caused or suffered an accident. They 
are merely confessions of having acted 
stupidly. 


FIRST AID - Minor injuries of most sorts 
can be cared for in fairly simple and easy 
ways. With minor injuries, first aid is all 
that is needed. In the case of a serious acci- 
dent, however, first aid provides only tempo- 
rary help until a doctor can take charge and 
apply more effective measures. In every case 
of a serious accident, make certain that a 
doctor is called at once (illustration, p. 452). 

If there seems to be the slightest chance 
that the victim of an accident may have 
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suffered broken bones, do not try to lift or 
move him. A broken bone can cause death 
by piercing an artery, a vein, a lung, the 
bladder, or other vital organ. Also, if it 
seems possible that the person has been seri- 
ously hurt, do not let him get up or move 
about, even though he should insist that he 
is “all right.” In either case keep him lying 
down and cover him with coats or blankets 
to keep him warm. Make him as comfort- 
able as you can while you wait for a doctor 
or an ambulance to arrive. 

In cases of wounds. Every wound, even 
a scratch, should be treated. Authorities do 
not agree, however, with respect to what 
antiseptic! is best for such injuries as 
scratches and small cuts. Many believe that 
the best treatment consists of thoroughly 
washing the skin around the wound with 
soap and water and then covering the 
wound with a sterile bandage. 

IPage 54, ftnt. 6. 


Keep your fingers away from every 
wound. Fingers often have on them germs 
that could infect wounds. Even a scratch 
may become infected. If, the next day or so 
after a wound has been treated, the flesh 
around it gets redder and more painful, 
consult a doctor at once. 

Bandaging. A sterile bandage is more than 
clean-looking white cloth. It is one on 
which the germs have all been killed and 
which has then been kept covered to prevent 
more germs from getting on it. A bandage 
taken from a freshly opened first-aid pack- 
age is almost certain to be sterile. 

The body can heal a wound only if there 
is a good flow of blood through the injured 
tissues. Hence no bandage should be ap- 
plied so tightly that it interferes with the 
circulation. 

Stopping excessive bleeding. Excessive bleed- 
ing from a severed artery can usually be 
stopped by pressing with a sterile cloth 


Five types of first aid are being demonstrated here by students of an Illinois 
school, Can you state what they are? (Consult a Red Cross manual) 


American Red Cross 


St 


Where to apply pressure in order to stop the bleeding from the parts of the body 
indicated by the labels. Why are veins more likely to be severed than arteries? 


against the side of the cut nearer the heart. 
Pressing on the proper pressure points, how- 
ever, is likely to be more effective (illustra- 
tion above). But it is not easy to remember 
where the pressure points are. You may 
know approximately! where to press; yet 
you may have difficulty in locating the exact 
spot. Hence an attempt to locate the proper 
pressure point should be made while pres- 
sure is being applied with the cloth. 

Excessive bleeding from a vein can usu- 
ally be stopped by pressing with the fingers 
on the edges of the wound after it has been 
covered with a sterile bandage. 

Page 219, ftnt. 1. 


If you are unable, by the methods just 
described, to stop the bleeding from a 
wound in an arm or a leg, you can usually 
do so by applying a tourniquet? But a 
tourniquet should be used only as a last 
resort. To make a tourniquet, first make a 
pad of a folded handkerchief or other cloth. 
Put this pad over the spot where the pressure 
must be applied (illustration above). Wrap 
a strip of cloth twice around the injured arm 
or leg and over the pad. Almost any strip 
of cloth will serve. You can use a handker- 
chief, a stocking, a necktie, or a piece of one 
of your garments. Tie a single knot over 

"?Tourniquet. (tóór^nt kët). 
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the proper pressure point and tie a stick 
over the knot. Twist the stick hard enough 
to stop the bleeding. 

Loosen the tourniquet every ten minutes 
so that the blood can circulate again in the 
injured tissues. Unless this is done, serious 
consequences are almost certain to follow. 
Repeat the pressure only if the bleeding 
continues. Leave the tourniquet on until 
ithe doctor arrives. With a pen, a lipstick, 
or something else that will leave a conspicu- 
ous mark, print “TK” on the injured per- 
son's forehead. This mark will ensure that 
the doctor or hospital attendants will know 
that a tourniquet is in use. 

In case of shock. Shock often results 
from an accident. It can be caused by loss 
of blood, injury to tissues, and emotional 
experiences such as extreme fright or sudden 
grief. A shock victim is pale and cold. He 
breathes in gasps and usually has a weak, 
but rapid, pulse. Keep him lying down, 
with his head slightly lower than the rest of 
his body. Also, keep him warm, with blan- 
kets or coats over and under him. If you 
use a hot-water bottle to warm him, be 
sure that it is not hot enough to burn him. 
If he is fully conscious, let him sip a warm 
drink. 

In cases of “gas poisoning.” Gas poison- 
ing is caused most frequently from breath- 
ing carbon monoxide.’ Carbon monoxide is 
a colorless and odorless gas. It is not poison- 
ous, as chlorine gas is.” It kills by taking the 
place of oxygen in the red blood corpuscles 
as the corpuscles pass through the lung 
capillaries. The person soon dies because 
his body cells can no longer get enough 
oxygen from the blood to carry on their 
activities. 

Carbon monoxide is part of the exhaust 
gases from automobiles, of cooking gas, and 

1Page 107, col. 2. 2Page 56, col. 2. 


of gas escaping from coal furnaces. It can 
cause death before the victim knows that he 
is in danger. Many people have been killed 
by carbon monoxide from the exhaust ofa 
car in a closed garage. Sometimes people 
are killed by this dangerous gas during ordi- 
nary driving. To illustrate, a few years ago 
a car was stopped directly behind a truck 
to wait for a traffic light. The car was closed 
because the weather was cold. The fan 
that. brought in the air to be warmed by 
the heater was running. By the time the 
traffic light changed from red to green, the 
two young people in the car had become un- 
conscious from carbon monoxide. This car- 
bon monoxide had been brought in from 
the truck’s exhaust by the heater fan. Be- 
fore help could reach them, they were dead. 

A sensible rule is never to drive a car with 
all its windows completely closed. 

In cases of drowning or electric shock. 
Drowning causes death chiefly by shutting 
off the supply of air to the lungs. Hence the 
red blood corpuscles cannot secure the oxy- 
gen that they must constantly deliver to the 
body cells. 

In acase in which a person has been made 
unconscious by an electric shock, approach 
him with care. Look for the wire from 
which he reccived the shock. Do not touch 
him with your hands until you are certain 
that he is no longer touching the wire. Shut 
off the current if you can. If you cannot, 
push the wire aside with a dry stick. 

Artificial respiration. Artificial respiration 
is the standard first-aid treatment for victims 
of drowning, electric shock, and carbon 
monoxide poisoning. It should, in fact, 
be applied to all accident victims whose 
breathing has stopped. First, make certain 
that the victim’s mouth has in it nothing 
that might interfere with his breathing 
through it. Be certain, too, that the tongue 
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B Science Service 
As soon as the artificial respiration has been started, call a do 


ctor and the fire depart- 
ment. ‘The latter will bring a Pulmotor. 


! Why is artificial respiration often effective? 


*Pulmotor (pül'mo tér); a machine for carrying on artificial respiration. 
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is pulled forward where it cannot prevent 
air from entering and leaving the throat. 
Then start artificial respiration. Keep hot- 
water bottles at about blood heat around 
the victim during all the time that artificial 
respiration is being applied. 

The Nielsen method of artificial respira- 
tion is the simplest and is now widely be- 
lieved to be the best. Place the patient face 
down, with his face on both his hands (illus- 
tration, A, p. 456). Kneel on one or both 
knees at his head. With your fingers spread 
and thumbs touching, press (do not shove) 
straight down on the back. Release the pres- 
sure smoothly and uniformly, and, as you 
sway back, lift the patient’s elbows (illustra- 
tion, B, p. 456). Repeat the operations 
twelve times per minute. 

Do not stop until you have given artificial 
respiration for at least four hours or until a 


physician decides that further efforts are 
useless. After the patient has begun to 
breathe, continue your motions, but make 
them correspond with his breathing. Do 
not turn him over. When he is out of dan- 
ger, he will turn of his own accord. 

In cases of sprains and dislocations. 
Sprains are caused when two bones are 
forced apart far enough at the joint so that 
the ligament? is stretched somewhat. 

A dislocation results when the bones are 
pulled far enough apart so that they stay 
“out of joint." In cases of either a sprain 
or a dislocation, keep the injured person 
from using the damaged part. Call the 
doctor or take the patient to a hospital, An 
X ray will be taken of the injured part be- 
cause what seems to be a sprain or a disloca- 
tion often turns out to be a broken bone 
(illustration, p. 458). 


5. What Are the Cases against Smoking and Drinking? 


“CIGAREETS” - In a scene from a motion 
picture of frontier days, the *tvillain" 
aroused great interest in a crowd of scouts, 
Indians, and pioneers by smoking what he 
told them was a “cigareet.” None of them 
had ever before seen a cigarette smoked. 
The time represented was about a century 
ago. By the end of the last century, how- 
ever, cigarette-smoking had become fairly 
common. Cigarettes were still commonly 
called ‘‘cigareets.” Not many were yet sold 
in packs. Most smokers «rolled their own,” 
as they wanted them. 


WILL YOU SMOKE? There are many fac- 
tors that influence a young person to “learn 
to smoke.” One or both of his parents may 
smoke. So may most of the other adults 
whom he knows. Some of his friends may 


have begun to smoke. Probably everybody 
whom he sees smoking seems to enjoy it, 
and nobody seems to suffer from it. Sooner 
or later he must decide whether he too will 
become a smoker. 


THE CASE AGAINST SMOKING - What are 
the facts about the effects of smoking? They 
are neither especially striking nor abundant. 
But none is favorable to smoking. Further- 
more, they make, together, a convincing 
case against it. Here are a few, selected 
from a somewhat longer list: 

Tobacco, a habit-forming drug. Like 
more serious drug habits, the smoking habit 
is easy to form and hard to break. 

Tobacco smoke contains nicotine? Only 

Ligament (lig'a mént): a tough, cord-like tissue 
connecting the ends of two bones. 

2Nicotine (nYk'o ten). 
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Injuries caused by automobiles, 
trucks, busses, motorcycles 


o/" TTT —— 


About 35,000 


Injuries received at home 


BREED About 27,500 


Injuries received : in occupations 


Injuries involving public street and rail, 
air, and water transportation 


eas About 14,000 


V 


—] The numbers of accidental deaths during a single year, from the causes indicated. 
Which causes can you do something to remedy? 


a little more than one five-hundredth of an 
ounce of pure nicotine is enough to kill a 
man. Nobody, of course, ever gets more 
than a minute fraction of that amount from 
a cigarette. Nevertheless, the amount that 
he does get is believed to be harmful to some 
extent (illustration, p. 459). 

Tobacco and allergies. *Some people 
are allergic! to tobacco smoke. They are 
made uncomfortable or sick by breathing 
cigarette smoke, and especially by inhaling 

IPage 444, 


it, just as many people are made sick by 
breathing pollen or by eating certain foods. 

Tobacco and cancer. "Recent studies 
indicate that the more a person smokes, the 
greater are his chances of developing cancer 
of the lungs. 

Other considerations. Some other facts 
that are worth considering before one de- 
cides to form the smoking habit are these: 

Smoking is an expensive habit. Many 
people smoke who cannot afford to do so. 

The odor of tobacco clings to the person 
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Recreation 


$11 7 billion 
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Alcoholic beverages 


$8 billion 


Tobacco 
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Public elementary and 
secondary education 


$6 > billion 


Food for Thought: The number of billions spent in the United States during 


one recent y 


ear for the items indicated. Can you suggest another suitable title 


for this illustration? 


who smokes excessively. This odor may be 
offensive to people who do not smoke. 


THE CASE AGAINST ALCOHOL : *The 
scientific evidence against drinking alcoholic 
liquors is much stronger than that against 
smoking. It is true that many people drink 
alcoholic liquors to some extent without 
seeming to be harmed by them. Further- 
more, doctors sometimes advise people, es- 
pecially older people, to drink some liquor. 
In general, however, the scientific evidence 


of the bad effects of drinking liquor is con- 
vincing. Most of the facts that support this 
last statement can be summed up in one 
sentence: A person who is under the influ- 
ence of alcohol is less capable, mentally and 
physically, than he normally is. Such a per- 
son cannot think so well. His judgment is 
less good. He cannot effectively control his 
behavior. He may laugh and talk too loudly 
and too much. He may mumble, stagger, 
stumble, become sick, or go to sleep (illus- 
tration, p. 458). 
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Alcohol and traffic accidents. *The most 
serious consequences of drinking are traffic 
accidents. About one fatal traffic accident 
in every five is caused by either drunken 
drivers or drunken pedestrians.! The driver 
who has drunk any liquor at all is more 
likely to have an accident while driving 
than one who has not. Even a little drink- 
ing makes a driver somewhat less able to 
see clearly. Also, it makes him slower in 
deciding what to do and how to do it. In 
one American city it was found that drivers 
who had in their blood half enough alcohol 
to make them “dead drunk" (unconscious) 
had more than fifty times as many accidents 
as drivers who had not drunk any liquor. 


MARIJUANA AND OTHER DANGEROUS 
HABIT-FORMING DRUGS - Marijuana’? is one 
of the worst of the habit-forming drugs. 
Moreover, young people are sometimes ex- 
posed to the danger of getting the marijuana 


habit. Under the influence of marijuana, 
people do foolish and unnatural things. 
Sometimes they commit serious crimes from 
smoking “reefers,” or “Mary Warners.” 
These are common names for cigarettes made 
with a mixture of marijuana and tobacco. 
Their sale is forbidden by law, but neverthe- 
less they are widely sold. 

The people who sell marijuana are likely 
to have also other dangerous habit-forming 
drugs for sale. These drugs include cocaine,’ 
morphine,‘ opium,? and heroin. Cocaine 
and morphine have important uses in medi- 
cine. But no forms of habit-forming drugs 
should be taken except when prescribed by 
a physician. Young people who have ac- 
quired the marijuana habit are sometimes 
persuaded to “try” one of the other danger- 
ous habit-forming drugs. Thus they run 
a grave risk of acquiring another drug habit 
that can destroy them morally and phys- 
ically. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 441-445. 1. An ex- 
ample of a communicable disease is (1) a 
cancer; (2) a cold; (3) an allergy; (4) 
rickets; (5) a "hidden hunger"; (6) a 
virus. 

2. Most germs of disease are microbes, 
which are minute animals, plants, and fungi. 

3. Deficiency diseases are chiefly due to 
a lac kiote ete aromas hare 

4. A cancer can often be completely re- 
moved if it is discovered early enough, 

5. An example of a non-germ disease is 
(1) hook-worm disease; (2) tuberculosis; 
(3) goiter; (4) a cold; (5) malaria; (6) 
Rocky Mountain spotted fever. 


"Page 179, ftnt. 2. — *Marijuana (măr ï wà'nà). 


€. A deficiency disease that is caused 
by a hormone deficiency is (1) tuberculosis; 
(2) diabetes; (3) tape-worm disease; (4) 
an allergy; (5) cancer. 

Pages 445-450. 7. A4 dangerous germ 
that is likely to get into cuts is the tetanus 
germ. 

8. Maintaining good physical and men- 
tal health is a valuable way of building up 
the body's resistance to diseases. 

9.State four ways of reducing your 
chances of contracting diseases and give an 
example of each. 

10. An excellent household germicide is 
(1) water; (2) ordinary soap; (3) warm 


*Cocaine (kö kan’). 
*Opium (O'pf tim). 


‘Morphine (môr'fën). 
*Heroin (hér’d ïn). 
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water; (4) an inoculation; (5) an anti- 
toxin. 

Pages 450-452. 11. State and illustrate 
three ways of helping the body to recover 
from a disease. 

12. Sulfa drugs are substances produced 
by various fungi. 

13. ACTH and ..?.- are hormone drugs. 

Pages 452-457. 14. An accident victim 
who may have broken bones should not be 
lifted and should not be allowed to walk 
about. 

15. A sterile bandage is one that has no 
living .-?.. on it. 

16. Pressing on a pressure point stops 
bleeding from a wound by stopping the cir- 
culation of the blood away from the wound. 

17. A dangerous gas that is given off from 
automobile exhausts is (1) oxygen; (2) 
chlorine; (3) carbon dioxide; (4) carbon 
monoxide; (5) cooking gas. 

18. Two common accidents for which 
artificial respiration should be used are 
_ 2s sand ese 

Pages 457-460. 19. State at least five 
facts that should be considered by a per- 
son before he decides to take up smoking. 

20. State at least four respects in which 
a person who is under the influence of al- 
cohol is less capable than he normally is. 


SCIENTIFIC PRINCIPLES - 1. "Every or- 
ganism has enemies that make its survival 
difficult. 

2. "Many diseases are caused by attacks 


of parasites. 
3. "The human body has many natural 


... Going My Way? 


Can you suggest other places in this section where 
this cartoon could be suitably placed? 


an Ss TES 


defenses against the attacks of parasites that 
cause diseases. 

4. "Many serious diseases are caused by 
faulty diet. 


SCIENTIFIC TERMS 


*antibiotic *hidden hunger" 
antibody Timmunity 
Tantiseptic infection 
communicable disease inoculation 
deficiency disease Tserum 
germ symptom 
Tgermicide Ttoxin 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK . 
Which of the scientific attitudes are illus- 


trated in the two paragraphs on page 441, 


under the heading *'Doctoring Long Ago.” 


CONSUMER SCIENCE - 1. A recent medi- 
cal report indicated that, in the United 
States and Canada, two or three times as 
much money is spent annually for patent 
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Merrim, from Monkmeyer 


How many reasons can you give why good personal appearance, which includes 
good posture and good grooming, is important? 


medicines as is spent for doctors’ prescrip- 
tions. Are the people who buy the patent 
medicines making a wise choice of goods 
and services? Explain. 

2. Look up the word propaganda in the 
dictionary. Do you think that propaganda 
is being used in the advertisements of medi- 
cines and drugs over radio or television or in 
newspapers and magazines? Explain. 

3. Collect from magazines several ad- 
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vertisements of cigarettes. In what ways do 
the advertisers try to make the smoking of 
their brands of cigarettes attractive? How 
many “tricks of propaganda” can you de- 
tect in these advertisements? 

4. Did you ever see a cook in a restaurant 
smoking while he cooked? If so, did this 
observation increase your confidence that 
that restaurant was a sanitary one? Ex- 
plain. 
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of conservation find out what stands of timber now are in your state or province. 


Locate them on a map for a bulletin-board display 


[464] 


BENE LO LS SS LA ccnseneseaaneesesesettet ENT 


CONSERVING 


əl 


RENEWABLE RESOURCES 


1. What Are Some of the Most Important Aspects of Conservation? 


SQUANDERED NATURAL WEALTH - Prob- 
ably you have heard or read the legend of 
Paul Bunyan. Paul Bunyan is the gigantic 
hero of many fantastic feats of strength and 
skill as a woodsman. The tales of Paul Bun- 
yan were invented by the *]umber-jacks" 
when they were "logging off? the great vir- 
gin! forests of Michigan, Wisconsin, and 
Minnesota, more than a hundred years ago. 
At that time it was generally believed that 
those forests were so vast that the timber 
in them could never be exhausted. 

But to a considerable extent it has been. 
Relatively little of the magnificent original 
forests in the land of Paul Bunyan still stand. 
For that matter, there remains only about 
one eighth of the virgin timber that, in 
colonial times, covered nearly half the 
United States (illustration, p. 464). A few 
years ago a whole town in Michigan was 
offered for sale by the lumber company that 
owned it, because the timber in its vicinity 
had all been logged off. 

Natural resources besides timber have 
likewise been reduced to an alarming extent. 
Fertile soil, soil water, and necessary min- 
erals? are being used up, some of them at an 
increasing rate. Wild plants and animals 


Virgin timber is the original forest of first-growth 
trees, 
?Page 443, ftnt. 5. 


are becoming fewer and fewer. Some kinds 
have already become extinct. 

*These and many other examples of our 
diminishing natural resources convince us 
of an unpleasant truth: Unless effective 
conservation is practiced, disaster is certain. 


RENEWABLE AND NON-RENEWABLE RE- 
SOURCES - *Some of our lost natural re- 
sources are rencwable. They can be restored 
to a greater or a lesser extent. Others are 
non-renewable. The portions of them that 
have been used up can never be replaced. 
Examples of renewable resources are the 
fertility of the soil, water supplies, and plant 
and animallife. Examples of non-renewable 
resources are metals, coal, natural gas, and 
oil. 


WHAT IS INCLUDED IN CONSERVATION - 
*Conservation is the planned management 
of natural resources. It has three chief pur- 
poses: 

*To take no more of the natural resources 
than is necessary; 

*To use without waste what is taken, so 
that there will be sufficient future supplies; 

*To restore as much as possible of the 
diminished resources. The first and second 
purposes especially are closely related. A 
practice that serves either is likely to serve 


both. 
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2. How Have Our Renewable Resources Been Reduced? 


THE IMPORTANCE OF THE SOIL - Every- 
body knows that air and water are necessary 
to life. We know that there cannot be any 
living things on the moon, because there is 
neither air nor water on the moon.! We 
are not so likely to think of soil as also being 
essential to life. But it is. If there were no 
soil, there would be no land plants. Hence, 
if all the fertile soil were destroyed, hundreds 
of thousands of kinds of living things would 
soon become extinct. Man would be one of 
these extinct creatures. Therefore, no matter 
where you live, it is important to you that 
the erosion? of fertile soil be reduced and 
delayed as much as possible (illustration 
below). : 

*The soil is of major importance because 


1Page 237. ?Page 261. 


of the minerals and water that it contains, 
No plants can grow unless they can secure 
enough of the necessary kinds of minerals 
and enough water: 


SOIL LAYERS - Crops can be grown only in 
the top-soil. This contains minerals from 
weathered? rock and humus.* Humus sup- 
plies necessary minerals. These minerals are 
chiefly nitrates, or compounds of nitrogen. 
Also, humus absorbs water like a sponge. 
In addition, it makes the soil loose. Thus 
it provides spaces in the soil into which air 
and water can penetrate. 

Below the top-soil is the sub-soil. This is 
a compact layer. It contains no humus and 
relatively little water. Crops will not grow 


*Pages 259 and 260. ‘Page 259, ftnt. 4. 


How would you explain to a boy or girl of your own age who has not studied science 
how a harvest scene is related to conservation? 


H. Armstrong Roberts 


in it, although it is rich in the minerals that 
plants need. 
Below the sub-soil is the bed-rock.* 


HOW TOP-SOIL IS REMOVED : The vari- 
ous agents of erosion were described earlier.” 
Water erosion and wind erosion are direcily 
responsible for the loss of the top-soil because 
running water and wind actually loosen it 
and carry it away. But man is indirectly re- 
sponsible because he uses the land in ways 
that greatly increase and hasten its erosion. 

By water. *As you know, "water always 
drains from higher ground to lower ground.’ 
Also, Pthe steeper the slope, the faster the 
water drains from it. Furthermore, Pin 
general, the faster water drains off a slope, 
the more erosion it brings about. 

As water drains to lower levels, it causes 
both sheet erosion and gully erosion. Sheet 
erosion is the removal of soil from the entire 
surfaces of whole areas at the same time. 
It can take place on fairly level ground. No 
doubt you have noticed that puddles are 
muddy even on bare ground that looks level. 

Sheet erosion is so gradual that it may 
continue for years without being noticed. 
Gully erosion is the digging of little valleys 
or gorges by swiftly flowing water. It takes 
place only where the ground slopes con- 
siderably. 

By wind. "Sheet erosion is commonly 
caused by wind, as well as by running 
water. A dust storm is rapid sheet erosion 
by wind. Small dust storms are common 
almost everywhere. They occur wherever 
an area of loose soil is exposed to strong 
winds. The most extensive and serious dust 
storms, however, occur in the “dust bowls” 
of the United States and Canada.* 


1Page 51, il. ?Pages 261-263. — 
3Page 57. Such drainage is called consequent drainage. 
‘Page 25, il. 


Serious dust storms occur only in fairly 
dry regions. In such regions, for several 
years in succession, there may not be enough 
rain to produce crops. In such years the 
top-soil becomes very dry. Farmers have 
long known that Pthe finer the soil is on the 
top of the ground, the less is the amount of 
water that can evaporate from it. Hence, 
in order to reduce the amount of evapora- 
tion of the precious soil water, they make 
the top-soil as fine as they can (illustration, 
p. 468). By doing so, they greatly reduce 
the capillarity.* Thus they keep more water 
in the soil. But they greatly increase the 
probability of serious sheet erosion by wind. 
At times hundreds of millions of tons of rich 
top-soil have been removed from farm land 
in a single dust storm.* 

If you have ever ridden in a car in a bad 
dust storm, you probably have had the 
paint eroded from your car and the wind- 
shield pitted and ruined. Thus the wind 
and sand are a natural sand-blast.6 In a 
recent season, in one state, wind-blown sand 
and dust stripped the leaves from vineyards 
and orchards. Also, it forced cotton-growers 
to replant three times. 


MAN IS RESPONSIBLE FOR INCREASED 
EROSION - "Erosion takes place almost 
wholly on bare ground. "The denser the 
plant cover, the less are the rate and the 
amount of erosion. No doubt you have ob- 
served that the rain water that runs off even 
a steep slope is clear if the slope is thickly 
covered with grass. 

*As our civilization has spread across the 
continent, various essential activities have 
resulted in laying bare great areas of land. 


5Capillarity (k&p ï lär'i tï): the rising (or, in some 
cases, the lowering) of the level of liquids in minute 
tubes, or capillaries (p. 485, Exp.). 

6Page 262, col. 1. 
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Consequently the rate and the extension of 
erosion have increased along with the spread 
and increase of population. There are three 
ways in which large areas have been stripped 
of their protective coverings of vegetation.! 
These are deforestation,” farming, and over- 
grazing. 

By deforestation. Why there has been 
deforestation. The Indians did not cut down 
the forests, They never found it necessary 
to clear forest land so as to provide extensive 
farming areas or sites for great cities. Fur- 


Page 274, ftnt. 1. 

*Deforestation (dé fOr čs ta’shtin): the destruction 
or removal of forests, Deforestation is the opposite of 
reforestation (rē för čs tà'shün). 


Soil Conservation Service 


*Soil is full of tiny cracks and tube-like holes called capillaries. Water rises through these 
capillaries to the surface and is there evaporated. Cultivating the soil breaks up the cap- 
ilaries. Can you use these facts in explaining the principle on page 467, col. 2, line 6? 


thermore, with their manner of life, they 
never required great supplies of timber and 
other forest products. 

But as the white settlers increased in num- 
bers and moved westward, it became neces- 
sary for them to clear vast tracts. In doing 
this, they gave little consideration to con- 
serving the forests. Frequently, where the 
space and not the timber was needed, they 
cut down the trees and burned them where 
they fell. Wherever lumber was the chief 
need, they logged off the land by the quick- 
est methods. Therefore none of the three 
aspects of conservation? was considered. 
Young trees and the less suitable ones were 


*Page 465, col. 2. 
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left as waste materials. The slashings' were 
left on the ground, where they increased the 
menace of forest fires. 

Effects of deforestation. Cutting down the 
forests deprived great areas of the protection 
against erosion that forests give. Forests 
hold the soil (illustration, right). Further- 
more, in any heavily wooded area there is 
practically no wind erosion because the 
trees so greatly reduce the force of the winds. 
Moreover, in forests there is almost no water 
erosion from either run-off or falling rain- 
drops.) Why? For two reasons: The rain- 
fall runs in slow, tiny streams down the tree 
trunks. Also, the water that drips from the 
branches onto the forest floor falls upon a 
deep mat of humus. The humus soaks up 
the water. Hence most of the rainfall sinks 
into the ground, and the rest runs into the 
streams, slowly. 

The reduction of run-off in wooded areas 
practically removes the danger of floods. 
Also, the sinking of most of the rainfall into 
the ground raises the water table.* 

As soon as a forest has been destroyed, 
rapid erosion of the exposed humus and rich 
top-soil begins. Extensive sheet and gully 
erosion soon become evident. Moreover, 
with no trees and no humus to delay the 
run-off of heavy rainfall, the water rushes 
at once into the creek beds. Floods are the 
frequent result. 

Wherever fire has burned up a forest, 
erosion takes place even faster than if the 
trees had been cut down. There are two 
reasons for this: The covering of humus has 
been immediately destroyed. The pores in 
the soil have become clogged with ashes. 
When they are thus closed, little water can 


WSlashings (slásh"Ings): the tops, branches, and 
other parts of trees that are left after logging opera- 
tions. ?Page 261. 

3Page 484, il. 4Page 51, il. 

[469] 


sink into the soil. Consequently flash? floods 
are more likely to be frequent and serious 
in wooded areas over which fires have re- 
cently swept. 

By destructive farming methods. The 
extent and rate of erosion are greatly in- 
creased by some farming methods. The one 
that results in the greatest destruction of 
farm soil is that of plowing straight furrows 
up and down the hills. These furrows pro- 
vide the run-off water with ready-made 
gullies, which it can deepen and widen 
rapidly (illustration, p. 470). 

Leaving the fields bare after the crops 
have been harvested is another practice that 
increases soil erosion. 

By over-grazing. Some grazing areas 
have been over-grazed. They have been 


5Flash: sudden and rushing. 


How many facts suggested by this illustration 
that are of great importance to city dwellers 


can you think of? 
United States Forest Service 


Soil Conservation Service 


What title would you suggest for this picture of a once good farm? What agent or 
agents of erosion do you think have been chiefly effective here? Does this picture 
furnish an example of sheet erosion or gully erosion or both? Explain 


made to support too many cattle and sheep. 
These animals have eaten and otherwise de- 
stroyed the plant cover, thus exposing the 
soil. At once erosion by wind and water has 
begun to ruin the land. 


NORMAL EROSION, DESIRABLE - From 
the facts already stated, it is obvious that the 
rapid erosion of farm and timber land is 
serious. It must be retarded! as much as 
possible. But the erosion? that normally oc- 
curs on all land areas has values: The dust 
eroded by winds from desert and volcanic 
regions adds important minerals to the soil 


‘Retard (rē tard’): to make slower or to delay, 
*Page 260, col. 1, def. 


where it settles. Also the erosion of old land 


allows new soil to be formed by weathering. 
Consequently great mountain areas are 


kept fertile enough to support trees and 
other plants. 


LOSS OF SOIL ELEMENTS - *Even when 
the soil'is not eroded away, minerals are 
removed from it both by the process of 
leaching and by growing plants. Water 
leaches the soil as it sinks through it, by 
dissolving minerals and carrying them away. 
PThe more loose the soil is made, by cultiva- 
tion, the more easily water can sink through 
it, and hence the greater is the quantity of 
mineral matter that the water can remove. 
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Farm land loses its minerals from. soil- 
mining. Finally it will no longer pay to 
raise grain or other food crops on such land. 


OUR DIMINISHING WATER SUPPLIES - 
Whether or not people can settle in a locality 
and how many people can live there depend 
on the available water. Many communities 
do not have enough water, and cannot se- 
cure enough, for all their increasing needs. 
Recently the conservation authorities of a 
great state announced that that state must 
refuse to admit more settlers because of its 
limited water resources. 

Failing water supplies are largely the re- 
sult of a falling water table? In certain 
areas, where enormous quantities of water 
are used in industry and for irrigation, the 
water table has been sinking during a long 
period. If the supplies of underground 
water continue to diminish in those locali- 
ties, then further growth and development 
will sooner or later become impossible. 

The sinking of the water table sometimes 
threatens with serious dangers. Recently 
the water table under one part of the At- 
lantic coast was found to be 35 feet below 
the ocean level. This situation presents a 
constant danger. The water supply of a 
large and thickly populated area may be- 
come contaminated? by having the ocean 
water mix with it. 

Water power, for industrial purposes, as 
well as the water itself, may be considered 
one of the renewable resources. Water 
power is of little value unless it can be main- 
tained at uniform out-put. But a uniform 
out-put is possible only if normal stream 
flows are maintained by means of effective 
conservation measures (illustration, p. 463). 


1Soil-mining: growing the same crops on the same 
land year after year. Page 443, col. 2. 
?Pages 51 and 52. 3Page 54, ftnt. 4. 


How and why water is lost. Under 
natural conditions, the water escapes from 
the soil in three ways: It is evaporated from 
soil surfaces. It is evaporated from the 
leaves of plants It drains out at lower 
levels into springs, wells, swamps, and 
rivers. Under natural conditions, the soil 
water lost in these ways is restored by 
rainfall. 

Three man-made conditions, then, are 
chiefly responsible for the dangerous lower- 
ing of the water table: 

* The rapid run-off of rainfall due to forest de- 
struction and to unscientific farming practices. 
Most of the water is drained away before it 
has had time to soak into the soil. 

*The enormous quantities of water used by in- 
dustry. As a single example, one plant, at 
peak production, uses more than 60 million 
gallons of water per day. 

* Waste of water by almost everybody. Only a 
small percentage of the water supply is put 
to actual use. 


OUR DIMINISHING WILD LIFE - "Every 
kind of plant or animal requires certain con- 
ditions for its existence. It can continue to 
survive only where these conditions exist. 
Thus alligators and cactuses could not live 
in northern Alaska. Likewise, fur seals and 
arctic moss could not survive in Death Val- 
ley. Clearing forests for cities or farms, or 
otherwise changing land areas greatly, re- 
sults in the destruction of nearly all the wild 
life of those areas. The plants and animals 
no longer have the food, shelter, and other 
conditions that make their survival possible 
(illustration, p. 472). 

The fish populations have likewise been 
reduced by the changes that advancing civi- 
lization has made in their habitats? Some 


‘By transpiration, p. 381, col. 1. 
SPage 32, ftnt. 1. 
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es a: 


Whooping 
crane 


Native animals that are almost extinct. 


examples of such changes have already been 
given.’ Stream pollution is another change 
that has killed millions of fish in many 
streams.” 

The destruction of wild life resulting from 
hunting and fishing must be added to the 
destruction caused by the changes in natu- 
ral habitats. Hunting and fishing, both for 
market and for sport, have greatly reduced 
the populations of many kinds of animals 
and have almost or completely destroyed a 
few kinds. 

The statements just made and many 
others that might be added prove beyond 

‘Pages 4-5, "Page 69, col. 2. 


Can you name others that are almost extinct 
or are extinct? 


TH Ton 


question a disturbing fact: Man has been, 
directly and indirectly, responsible for most 
of the destruction of wild life. But he cannot 
be blamed for it all. Often natural enemies 
destroy some kinds of wild animals or wild 
plants. For example, the lamprey, a fish-like 
animal resembling the eel, is likely, for some 
time, to be the greatest menace to many 
food fish in the Great Lakes. Often, also, 
in some locality some kind of wild plant or 
wild animal will practically disappear be- 
cause their numbers have become too great 
for the food available in the habitat. Then 
they starve or die of disease. Only a few of 
the strongest survive. 
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3. How Can We Conserve Our Natural Resources 
and Thus Provide More Food? 


CONSERVATION, RELATED TO NEED - 
No doubt you are familiar with the old say- 
ing “You never miss the water till the well 
runs dry” (illustration below). As applied 
to conservation, this saying means that so 
long as there was an abundance of natural 
resources, few people thought of conserving 
them. Long ago, however, the scientists 
realized the seriousness of the waste of nat- 
ural resources. Now growing numbers of 
people are realizing it. Increasing numbers 
are becoming willing to do what they can 
toward bringing about effective conserva- 
tion. 


MAINTAINING THE FOOD SUPPLY 
*The most important aspect of conservation 
is its relation to the food supply. The food 


These cartoons were drawn by a high-school student. 
a cartoon calling attention to some aspect of conservation 


your hand at making 


supply can be made and kept adequate 
chiefly by three means. These are maintain- 
ing effective soil management, which en- 
sures good crops; discovering new sources 
of food; and finding new ways of getting 
more food from present sources. 


BY EFFECTIVE SOIL MANAGEMENT - 
*Soil management includes all the methods 
of maintaining the soil. There are commonly 
considered to be three aspects of soil man- 
agement. These are reducing the amount, 
extent, and rate of erosion of fertile top-soil; 
restoring and maintaining the soils fertility’; 
and planting on each area of agricultural 
land the kind of crop that will best conserve 


1Fertility (fér tit tï): state of being fertile, or able 
to produce crops or to produce young. 


Perhaps you would like to try 


for a bulletin-board display or your school or town paper 


"ALLTHE KING'S HORSES AND ALL THE KING'S MEN, 
COULDN'T PUT HUMPTY DUMPTY TOGETHER AGAIN 


* Khas A 
Sa, 


"WE NEVER MISS THE WATER TILL THE WELL 
RUNS DRY! 
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the soil. The third of these aspects is really 
a means of achieving the other two. 

Reducing erosion. Erosion can never 
be completely prevented.! Winds and water 
will always carry away some top-soil. The 
rapid rate of erosion of agricultural land, 
however, can and must be reduced. 

Both wind erosion and water erosion can 
be retarded? by increasing the thickness and 


1Page 263, col. 2. ?Page 470, ftnt. 1. 


Kudzu, a pod-bearing relative of peas and 
beans, is an especially valuable cover crop in 
badly eroded areas. What value of kudzu, be- 
sides that of resisting erosion, does the presence of. 
the cowssuggest? Request your teacher to secure 
from the Department of Agriculture information 


about suitable cover crops for your locality 
Soll Conservation Service 


extent of plant cover on the soil. Farm soil, 
even in the dust bowls, can be held if it is 
kept covered. One way of providing effec- 
tive soil cover is to leave a stubble? or a 
litter of straw on the ground between plant- 
ing seasons. Another is to plant cover crops 
on the land that is not being used for major 
crops. Cover crops can be used not only 
to protect the soil, but also to enrich it. 

The illustration at the top of page 482 
shows several methods of land management 
that retard the erosion of farm soil. 

Restoring and maintaining soil fer- 
tility. By growing leguminous crops. Com- 
mon leguminous’ crops are peas, beans, 
alfalfa, clover, lespedeza,’ and kudzu$ (il- 
lustration, left). A strange partnership is 
formed by these plants and certain soil bac- 
teria.’ These bacteria enter the plants’ 
roots, causing round, knob-like growths, or 
nodules,’ to develop on the roots. The 
bacteria live inside these nodules, using part 
of the plants’ sap for food. They make 
nitrates that the plants use as food, but.they 
produce more than the plants can use. The 
surplus nitrates are added to the soil, mak- 
ing it more fertile than before.? 

Legumes increase crop yields in two other 
ways besides adding nitrates to the soil. 
They make the top-soil deeper and more 


Stubble (stüb^l): the stumps of corn plants and 
wheat and other crop plants that remain in the ground 
after harvesting. 

‘Leguminous (lé gü'mY nüs): having to do with 
legumes. Legume (lÉg'üm): a flowering plant that 
produces its seeds in pods. 

‘Lespedeza (lës pë de'zà). 

"Kudzu (kóód'zoo). 

"The nitrogen-fixing bacteria. 

®Nodule (nód'ül). 

"Such a partnership between two kinds of living 
things, in which neither eats or otherwise injures the 
other, but by which both profit from living together, 
is called symbiosis (sim bi o/sls). You will learn about 
this and other partnerships between different kinds 
of living things when you study biology. 
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fertile. Also, they enable some other plants 
to extend their roots into the sub-soil. 

The roots of leguminous plants grow down 
into the sub-soil, often to a depth of many 
feet (illustration, right). There they crack 
and break up the sub-soil. Then bacteria 
and other organisms, as well as more water, 
can penetrate more deeply into it. Also, the 
roots bring up minerals from the sub-soil. By 
degrees, therefore, leguminous crops: bring 
about the changing of some of the sub-soil 
into fertile top-soil. 

The roots of many crop plants are not 
able, themselves, to penetrate the sub-soil. 
But they can follow the roots of legumes 
down into it. Thus they can reach the 
minerals that the sub-soil contains in great 
abundance. 

By adding humus to the soil. The decay of 
plant and animal bodies and parts is brought 
about chiefly by certain soil bacteria. To 
some extent, however, decay is also brought 


about by other kinds of fungi besides bac- 


teria? Whenever any kind of humus decays 
in the soil, the substances of which it was 
composed are returned to the soil. Thus 
these substances are again made available 
to growing plants. 

Humus is commonly added to farm soil 
by plowing into it barnyard manure, “green 
manure," and plant refuse.? 

Barnyard manure is rich in nitrogen com- 
pounds that all plants must have. Also, 
hay-and-straw litter always becomes mixed 
with such manure. This litter provides addi- 
tional humus. Soil bacteria change all the 
simple compounds of nitrogen 
plants 


humus into 
and other elements that growing 
must have. 
Green manure is any growing crop that 
is plowed into the soil to supply humus. 
YThe bacteria of decay. ?Page 375, col. 2. 
?Page 66, ftnt. 10. 


3 c 
Soil Conservation Service 
Which of the functions of roots! do the roots 


of this alfalfa plant serve? 


iPage 383, col. po 


LIS e 


Leguminous crops provide the best green 
manure. Their decay returns to the soil 
the compounds of nitrogen and other ele- 
ments that made up their bodies. Also, it 
adds to the soil the nitrates that were made 
by the bacteria in the nodules on the roots. 

The plant refuse that farmers plow into 
the soil for humus consists usually of crop 
stubble and litter. 

By adding commercial fertilizers to the soll. 
Adding humus to the soil, as a method of 
restoring substances that plants need, is only 
partly satisfactory. Commercial fertilizers 
should also be added to crop-lands. Some 
of these fertilizers make the soil sweet" by 
combining with the acid in it. Others add 
to its fertility. Still others add "trace min- 
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erals” that are essential to healthy plant 
growth, but are needed only in small quan- 
tities. Recent experiments have shown that 
crop plants can get enough of some trace 
minerals if solutions of the minerals are 
sprayed on the leaves of the plants. 

Recently substances have been invented 
that give promise of changing non-fertile 
sub-soil that has become exposed by erosion 
to fertile crop-land. 

Weeds and soil fertility. Weeds are 
commonly considered as worthless and an- 
noying handicaps to agriculture. But weeds 
are now known to render real service in soil 
conservation. They supply soil cover and 
thus retard erosion. Also, their roots do all 
the good that the roots of leguminous crops 
do, except that of adding nitrates to the soil. 

Atomic research and soil fertility. 
Atomic research! is now being used in study- 
ing the loss of soil fertility. With “tagged” 
atoms? scientists hope to find ways to main- 
tain in the soil the mineral content that 
crop plants need. 


DISCOVERING NEW SOURCES OF FOOD . 
All over the world scientists are constantly 
working on the problem of finding new food 
plants. Our scientists have discovered that 
many common plants that we do not now 
eat would be valuable additions to our diets, 
For example, alfalfa and many grasses 
would provide us with valuable minerals 
and vitamins. But ways of making such 
plants inviting as food have not yet been 
found. 

Recent experiments indicate that great 
quantities of food could be obtained by rais- 
ing certain kinds of yeasts.? Other experi- 


‘Research (rē sürch^): an extensive study of some 

problem, by experimenting and observing, 
*Radioactive atoms, pp. 302, col. 2, 379, and 380, 
‘Pages 363, il, and 375, col. 2. 


ments indicate the possibility of manufac- 
turing certain foods from wood. The Ger- 
mans produced an edible bread-making 
flour from sawdust during the Second World 
War. This process could provide a totally 
new source of food. But, like other processes 
that could do the same, it is too complex and 
expensive for practical use. Hence such 
processes are still merely hopeful possibili- 
tics. Some day better ways may be invented 
for accomplishing such purposes. Mean- 
while we shall have to depend on the soil for 
most of our food. 


GETTING MORE FOOD FROM PRESENT 
SOURCES - The “meat” of the people in 
many parts of the world is chiefly fish. If 
our farm lands and grazing lands continue 
to be destroyed by erosion, the same may 
become true of us. 

The oceans are the sources of most of our 
food fish. If you were to cross the ocean to 
Europe, you would be surprised to see small 
open boats hundreds of miles from the 
European coast. Such boats belong to fish- 
ing fleets, chiefly from French ports (illus- 
tration, p. 477). 

There is no doubt that the oceans can 
yield many times as much food as they now 
do. They can supply more fish and other 
sea animals of kinds that merit wider use. 
People in various parts of the world eat 
many sea animals, such as whales and octo- 
puses,! that are used here scarcely or not at 
all. 

The oceans can also be made to yield 
more fish of kinds already in common use. 
New fishing grounds can be located. A few 
recently have been. Among these is a new, 
abundant source of shrimps that was found 
by means of radar“ in the Gulf of Mexico and 
off the east coast of Florida. Moreover, 


*Page 390, col. 2. 5Page 409, No. 3. 
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A salmon-fishing boat in Puget Sound. Why do you think commercial fishing is for- 


Fish and Wildlife Service, Seattle 


bidden by law except for a relatively short time in the late summer and early fall? 


greater "fish crops” can be grown in land- 
locked bays and inlets, in shallow coastal 
waters, and in farm ponds.’ These crops can 
be greatly increased by “fertilizing” the 


waters. Usually this process consists in put- 
ting into the water fertilizers that will in- 
crease the growth of minute water plants 
that many fish eat (illustration, p. 482). 


4. How Are Forest Management, Water Management, 
and Wild-Life Management Effecting Conservation? 


ENEMIES OF FOREST TREES - A few years 
ago a party of exhausted fire-fighters were 
returning home after successfully fighting a 
forest fire for many days. Thoughtlessly one 
of the men lit a cigarette and tossed the 
burning match into the grass beside the 
road. No sooner had these men arrived 

1Page 386, il. 


home than they had to rush back to fight 
the new forest fire that the man's lighted 
match had started. 

Fire is the chief enemy of forests (illustra- 
tion, p. 478). It destroys the greatest num- 
bers of both mature and young trees. 

At least four other agents besides fires 
cause great destruction of forest trees. These 


[477] 


agents are insects, diseases, some lumbering 
practices, and storms. Nearly a quarter of a 
million kinds of insects use forest trees for 
food, thus injuring or killing them. Dis- 
eases caused by fungus and other parasites! 
have almost exterminated? certain kinds of 
trees. Such diseases include Dutch elm 
disease and chestnut blight. Some, but by 
no means all, lumbering companies con- 
tinue to cut down the forests in the old 
wasteful ways. Violent winds blow down 
and heavy sleet storms fell, break, or other- 
wise injure great numbers of trees.’ 


1Page 377, col. 1. 


*Exterminate (&ks tir'mi nat): to destroy completely, 
or kill off. 


Page 144, il. 


YOUR 
CIGARETTE 


One state’s use of road signs to promote forest conservation. Can you explain 
the sentence at the top of each of these signs? 


VIRGINIA 
GREEN 


CONSERVING THE FORESTS, OR FOREST 
MANAGEMENT - By managing the forests 
as crops. Many lumbering industries man- 
age their vast forests like farms. They har- 
vest only the mature trees. In logging off 
the land, they use methods that preserve the 
young trees and prevent forest fires. The 
national and state governments of the 
United States and the national and pro- 
vincial governments of Canada are using 
these same methods in national, state, and 
provincial parks. 

By establishing and maintaining forest 
reserves. Such reserves are being main- 
tained by the governments of the United 
States and Canada and also by some lumber, 


Virginia Forest Service 


paper, and other commercial companies. 
Many towns have established town forests, 
and thousands of farmers are maintaining 
wood lots. In these a considerable variety 
of forest crops are being raised profitably. 

By reforesting. Areas that have been 
burned over or cut over, as well as aban- 
doned farms and other land that will not 
grow farm crops, are sown again to forest 
trees. In some localities mature trees are 
left to seed the land again. In addition, 
about half a billion young trees are planted 
each year. . Also, areas are planted by 
*pelleting."* Pellets are made that contain 
tree seeds and fertilizer. These pellets are 
scattered from airplanes over areas where 
natural seeding from mature trees is not 
likely to be effective or where young trees 
cannot be planted. 

By finding effective means of com- 
bating insect enemies and fungus diseases 
of trees. One such means is spraying forests 
from airplanes, with insecticides.” 

By increasing the use of lumber sub- 
stitutes and wood substitutes. The chief 
substitutes for lumber are veneers, plywood, 
and pressed wood, as well as plastics. These 
are being used to art increasing extent in the 
manufacture of certain building materials, 
furniture, and many common articles for- 
merly made of lumber (illustration, p. 486). 


CONSERVATION OF WATER, OR WATER 
MANAGEMENT - How long ago and where 
did somebody first dam a stream? Nobody 
knows, of course. This important milestone 
of science must have been arrived at thou- 
sands of years before there were any his- 
torical records. Why do you suppose that 
first dam was built? Again nobody knows. 
But you can no doubt make several reason- 


Page 144, ftnt. oy 
?Pages 392 and 3097 


able guesses. Probably, however, in those 
ancient times, the construction of that first 
dam had nothing to do with conservation. 
Now, however, the damming of streams is 
an important aspect of water management. 

By bringing water from places where 
it is abundant to places where it is 
needed. The water department of New 
York City brings most of its water from great 
dams in the Catskill Mountains, nearly 80 
miles away. Splendid crops are made possi- 
ble in the Southwest with water brought 
many miles through irrigation ditches. 

By trying to maintain the water table. 
Establishing farm ponds (illustration, p. 482) 
is one way of maintaining the water table. 
Other ways include the damming of small 
lakes and streams and the building of under- 
ground reservoirs. f 

By improving and extending methods 
of flood control. This purpose is accom- 
plished chiefly by maintaining the forests. 
It can be accomplished also by the various 
methods of reducing soil erosion, by delay- 
ing run-off, and by maintaining the water 
table. Reservoirs similar to great farm 
ponds, with outlets that allow the water to 
þe withdrawn slowly, are also effective. 

Building great overflow basins along the 
courses of rivers, into which flood waters may 
flow, has been found less effective than had 
been hoped. Such basins fill rapidly with 
sediment, especially if the surrounding 
country is rapidly eroding. Hence, instead 
of retaining the flood water, they sometimes 
become so full of sediment that the water 
overflows onto surrounding land. 


WILD-LIFE MANAGEMENT - By enforc- 
ing various laws. Some laws protect such 
valuable animals as insect-eating birds all 
the time. Also, they protect most game ani- 
mals all the time except during relatively 
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Education Division, Virginia Commission of Game and Inland Fisheries 
Transferring trout to a hatching pond in one of 
the Southern states. How many reasons can you 
give why city boys and girls need to be well 
informed on all aspects of conservation? 


short hunting and fishing seasons. Other 
laws prevent the pollution! of streams, 

By establishing sanctuaries. Wild ani- 
mals and also wild plants are protected in 
all national, state, and provincial parks, 
They are protected also in many public and 
private wild-life sanctuaries.” 

By restoring ruined habitats, improy- 
ing available ones, and providing new 
ones. Shelter, supplies of food, and other 
necessary or favorable conditions are being 
established and maintained on farms for 
game animals and insect-eating birds and 
in streams for fish. When elk, deer, and 
buffaloes, or bison, become too numerous in 
some parks or zoos, they are used to stock 
other parks or zoos. 

By raising some animals as money crops 
or for “planting” in suitable places. Fur 
farms provide substantial incomes to many 
people in the United States, Canada, and 
Alaska. Hatcheries supply fish, such as trout 
and salmon,? and shell-fish, such as lobsters, 
oysters, and fresh-water clams, for stocking 
favorable habitats (illustration left). 


5. Can We Succeed in Our Efforts toward Conservation? 


WHAT OF THE FUTURE? Will our efforts 
toward conservation of renewable resources 
be successful? Shall we be able to save and 
restore enough of them? There is grave 
danger that, in the United States, all our 
efforts toward conservation will prove to be 
“too little and too late.” It is certain that 
they will be unless everybody practices and 
encourages conservation in all the ways that 
he can. 

With respect to food? Throughout the 
world all the food that can be raised is not 
enough to feed all the people now. More- 
over, populations are rapidly increasing. 


Whenever in any part of the world the pop- 
ulation becomes too great for the available 
food supplies, famine and disease kill great 
numbers. It is stated that during a recent 
famine in China, 50 million people died. 
They starved to death or died of sickness 
that resulted from the lack of enough food. 

*Probably the United States can avoid 
such a situation. It should always be pos- 


Page 54, ftnt. 4. ) 

"Sanctuary (singk'chóó ÉrY): an area in which 
plants and animals can live protected by law from 
being interfered with or injured. 

*Pages 16 and 477, ils. 
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sible for the country to grow adequate’ food 
crops and other essential crops. But it can 
succeed in doing so only if effective methods 
of land management are introduced and 
constantly used wherever crops are grown 
(illustration, p. 482). 

With respect to forests? There is a fair 
chance that our forest resources can be made 
sufficient. It is believed possible to restore 
and maintain some kinds of valuable forests 
in every locality where the virgin forests 
originally stood. 

With respect to water? Enough water 
can probably be secured for all needs, pro- 
vided that the available supplies are effec- 
tively conserved. There is some hope that 
scientists may be able to invent ways of 
changing ocean water to fresh water in 
quantities large enough to supply the needs 
of cities? But the expense and difficulties 
involved in such a project may prevent its 
ever being carried out. Ms 


With respect to wild life? Deer and 
some other kinds of game animals have re- 
cently been increasing in numbers in some 
localities. But, on the whole, wild life is 
certain to become scarcer and scarcer. As 
the human population continues to grow; 
more land will be made unfit as habitats for 
wild life. Consequently the numbers of wild 
animals and wild plants are certain to 
diminish. Little or nothing can be done to 
prevent this.? 


CANADA'S NATURAL RESOURCES 
Canada's situation with respect to natural 
resources is much better than that of the 
United States. Canada is considerably big- 
ger than the United States, and its popula- 
tion is less than one-tenth as great. Its 
natural resources are still abundant. But 
even so, Canada’s future depends on its 
practicing conservation in every effective 
way that it can. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Page 465. 1. Give two ex- 
amples each of renewable and non-renewable 
resources. 

2. State the three major purposes of 
conservation. 

Pages 466-472. 3. Plants get from the 
__?__ the minerals and water that they need. 

4. The soil layer in which plants grow 
is the sub-soil. 

5. Sheet erosion is less likely to be 
noticed than ...?.. erosion. í 

6. Man indirectly ruins great arcas of soil 
by removing its plant cover. 

7. State three important ways in which 
forests conserve soil and water. 


!Page 485, ‘Topics for Individual Study,” No. 6. 
?Page 50, col. 2. 


8. State two common farming practices 
that increase the amount of soil erosion. 

9. Soil-mining reduces crop yields by 
exhausting the --?-- in the soil. 

10. State three conditions that are chiefly 
responsible for lowering the water table. 

11. State three man-made conditions that 
have greatly reduced the wild-life popula- 
tions. 


Pages 473-477. 12. State three or more 
methods by which the erosion of farm soil 
can be retarded. 

13. State three ways in which leguminous 
crops increase later crop yields. 

14. Adding barnyard manure, green ma- 


nure, and commercial fertilizers to the soil 


*Page 484, No. 4. 
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Effective land management on an Ohio farm. What practices of soil conservation 
can you identify here? 


From just this illustration, what useful purposes do you think that this Indiana 
farm pond serves? 


Soil Conservation Service 


are three ways of providing crop plants 
with _-?-- that they need. 

15. In the future, __?__ will probably 
take the place of most of the meat in our 
diets and will be secured chiefly from the 
ocean. 

Pages 477-480. 16. Name the five chief 
forest enemies. 

17. State three suggestions found on Vir- 
ginia's road signs, for preventing forest fires. 

18. State five ways in which forests are 
being conserved. 

19. State three ways in which water is 
being conserved through water manage- 
ment. 

20. State four ways in which wild life is 
being conserved. 

Pages 480-481. 21. It is certain that 
enough food crops can be grown if effective 
land management is employed. 

22. The chances of being able to main- 
tain a sufficient supply of forest products 
are fairly good. 

23. It seems likely that sufficient water 
supplies can be maintained. 


24. The total wild-plant and wild-animal 
populations are certain to increase. 


SCIENTIFIC PRINCIPLES - 1. "Water al- 
ways drains from higher ground to lower 
ground. 

2. "The steeper the slope, the faster water 
drains from it. 

3.?In general, the faster water drains 
from a slope, the more erosion it brings 
about. 

4.?The denser the plant cover on soil, 
the less are the rate and the amount of 
erosion. 

5. PAny kind of plant or animal becomes 
extinct when the conditions necessary to its 
existence are no longer present. 


SCIENTIFIC TERMS 


{capillary legume 

Tcapillarity natural resources 

*conservation reforestation 
deforestation sheet erosion 
green manure Tvegetation 


gully erosion 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 1. 
Make a plan for estimating how much water 
is wasted in your home during a month. 
Which of the elements of scientific method 
will you use in making your plan? 

2. Which of the scientific attitudes are 
indicated in the first paragraph under the 
heading '* Enemies of forest trees,” p. 477? 

3. A few years ago, in a county in one 
of the Rocky Mountain states, à group of 
citizens were discussing a plan for raising 
funds to develop an irrigation system. They 
were soon to vote on this plan. One man 


made these statements: 
“I can't see why the county should pay 


for an irrigation system. Only a few will use 
the water. After all, I don't expect anyone 
to buy my clothes for me. Why should 
anybody expect me to buy his water? I 
don't want to pay for something that won't 
do me any good. I’m voting against it!” 

What arguments would you use in try- 
ing to influence this man to change his 
point of view? 

4. “Next week well be working on the 
conservation unit," said Bill. “Pye been 
looking it over, and I know I’m going to 
like it. But I really can't see how conserva- 
tion of forests and farm land is very impor- 
tant to us." 


[485] 


"Pve been thinking about that, too," 
said Ellen. “We all live in the city. I don't 
expect ever to live anywhere else.” 

“I can see why it's a good thing to know 
about conservation if you live on a farm,” 
said Tom. “But I don’t see why we need 
to study conservation.” 

What arguments would you use to con- 
vince people like Bill, Ellen, and Tom that 
knowing about conservation, practicing it, 
and doing everything possible to promote 
it are of great importance to everybody? 


CONSUMER SCIENCE . 1. List some of 
the ways in which you are a wasteful con- 
sumer. 

2. A scientist stated recently,  Conserva- 
tion education and consumer education are 
one and the same." Do you agree or dis- 
agree with the statement? Explain. 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. “Our soil, forest, and water con- 
servation programs depend for their suc- 


cess on our success in trapping raindrops." 
Can you explain this statement? 

2. “ Conservation is an interlocking pro- 
gram." Can you explain this statement? 

3. No matter how carefully the process of 
soil cultivation is carried out, it always 
exposes the soil to increased weathering and 
erosion. Explain. 


4. Some of the choicest kinds of wild 
flowering plants have been saved, or are 
being saved, from extermination by a few 
interested people. ‘These people secure 
seeds of a desired plant, often after a long 
and difficult search. They plant these 
seeds and save all the seeds from resulting 
crops. ‘They repeat this practice for several 
years. Finally they have enough seeds to 
sell to all who want to grow these plants. 
What other methods of conserving desirable 
wild plants can you suggest? 

5. How might the common saying “too 
little and too late" apply to conservation? 

6. T'wo and one-half acres of cultivated 


In some agricultural regions flood waters spread over the farms every year. 
The farmers are glad that they do. Can you explain why they are? 


United States Forest Service 


land are needed for growing the food neces- 
sary to provide a proper diet for an average 
person. There are now in the whole world 
only about 1$ acres of cultivated land per 
person. How are these facts related to 
conservation? 

7.In many localities people burn off 
the dried weeds and grass in the fall or 
early spring. How many reasons why this 
plant cover should not be destroyed can 
you give? 


TOPICS FOR INDIVIDUAL STUDY - 1. 
Is there a dust bowl in your state or prov- 
ince? What is being done to reduce the 
number and extent of dust bowls wherever 
they exist? Ask your teacher to write to the 
Department of Agriculture for information 
that you may use. 

2. Ask your teacher to write to the De- 
partment of the Interior to obtain informa- 
tion as to what measures are being taken to 
provide flood control. Plan a discussion of 
your findings before your science class or 
science club. 

3. The paragraph on page 471 that dis- 
cusses how the supplies of fish may be in- 
creased illustrates both ecology" and food 
chains: Can you explain how it does? 


4. In many parts of the country irrigation, 
irrigation district, and water rights are com- 
monly used terms. Ask your teacher or 
your school librarian to write to the De- 
partment of Agriculture for materials that 
you may use on irrigation and water rights. 
Prepare a report to be given in your science 
class or science club. 

5. Many progressive lumber companies, 
as well as many state and national forest 
commissions, grow and harvest timber on 
the “annual yield” basis. Consult an en- 
cyclopedia to learn how such practices are 
carried out. 


1Pages 4 and 5 and 402, ftnt. 1. 


6. Suggest that your class elect a repre- 
sentative to write to the Department of 
Agriculture for information about the plas- 
tic that is used for improving the soil. Pre- 
pare a report from the materials secured. 


EXPERIMENT - Does a covering of fine 
powder increase, reduce, or fail to affect 
the capillary action in a porous substance? 
Cut four squares of bread of the same size 
and thickness. Put two of the squares side 
by side in a flat-bottomed dish. Cover the 
top of one square about 4 inch deep with 
four. Put one of the remaining squares of 
bread on the top of the flour layer. Put the 
other remaining square on the top of the 
square that has no covering of flour. Care- 
fully pour into the dish, a little at a time, 
water that is colored with ink. Does the 
colored water rise through the capillaries of 
one or both of the bottom squares of bread? 
through one, both, or neither of the top 
squares? Answer the question at the begin- 
ning of this experiment. 

The experimental factor in 
ment is the covering of flour. The bread 
without the flour covering is the control. 
Can you explain these statements? 


this experi- 


COMMUNITY APPLICATION OF SCI- 
ENCE - Learning about game laws. Sug- 
gest that your class elect a committee to 
invite a representative of your state or 
provincial game and fish commission to 
visit your science class and discuss with you 
the reasons why fish and game laws are 


necessary- 


WHY NOT BECOME A SCIENTIST? - Can 
you find evidence of good or bad practices 
with respect to conservation, or of the need 
for conservation, in your community? Sug- 
gest that, for a week, the members of your 
class look for evidence of eroded soil, 
burned-over timber-land, fields, or road- 
sides, polluted streams, OF other examples of 
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Furniture made of a plastic instead of wood. To which division under "Applying 
and Extending What You Know” does this illustration most closely apply? 
Explain 


waste of natural resources. Suggest that 
the class members look also for evidence 
of contour plowing, terracing, and other 
effective methods of conservation. Suggest 
that your class elect a committee to receive 
from all the class members the reports of 
their observations. Suggest also that the 
committee assemble the reports into a chart 
for the bulletin board. 


BULLETIN-BOARD DISPLAYS 1. Ask 
your teacher or school librarian to write to 
your national, state, or provincial depart- 
ment of agriculture, requesting illustrated 
materials dealing with practices of soil 


conservation. Suggest that your class elect 
a committee to make from the best illus- 
trations in these materials a bulletin-board 
display showing the most practical and 
effective practices of soil conservation. 

2. Collect articles from newspapers and 
news magazines that deal with conservation 
projects or proposed conservation laws. 
Post the best of these articles on the class 
bulletin board. Plan a discussion of one of 
the new projects. 


PANEL DISCUSSION - Topic: Hunting 
should be forbidden by law because it is 
cruel and, in nearly all cases, unnecessary. 
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NON-RENEWABLE RESOURCES 


What Problems Are Involved in the Conservation of Minerals, 
and How May These Problems Be Solved? 


“GOLD!” - Imagine yourself as living near 
Sacramento, California, on January 24, 
1848. A man on a galloping horse shouts as 
he dashes past your home, “Gold has been 
found at Sutter's Mill? The news leaps 
through the scattered community. Every- 
body rushes about, shouting, “Have you 
heard the news? Gold has been found at 
Sutter's Mill? The excitement mounts. 
All who can, drop whatever they happen to 
be doing and hurry on foot, on horseback, 
and by wagon to the scene of the gold strike. 

The news spreads east-ward by letter and 
by word of mouth. Thousands join the mad 
gold rush to California. Most of these 
people face the desperate perils and hard- 
ships of the months-long journey by covered 
wagon. Others risk the hard and dangerous 
voyage "around the Horn" to San Fran- 
cisco, the port nearest the strike. 


THE MOST VALUABLE METALS - The 
early history of the United States, Canada, 
and Alaska is full of exciting tales of gold 
rushes. Gold would seem to be the most 
valuable of all metals. But it is not. There 
are many metals that are worth more per 
ounce than gold. Radium, for example, was 
formerly more valuable than now, but it still 
is valued at $25,000 per gram.! When use- 


1A gram is about .035 of an ounce. 


fulness is considered, gold is rather far down 
the list of metals (illustration, p. 488). Iron 
is at the top. It is the most valuable one be- 
cause it is the most useful. Aluminum and 
copper follow iron, then lead, zinc, and tin. 
As atomic science develops, uranium may 
become one of the most valuable metals. 


MINERAL CONSERVATION - *The min- 
eral resources of the earth were fixed and 
limited at the time that the earth was 
formed. They can never be increased ex- 
cept by the addition of minute quantities of 
a few metals and rock composing “cap- 
tured” meteorites.” With respect to our 
mineral resources, therefore, only the first 
two purposes of conservation? can be accom- 
plished. All efforts must be made to use 
minerals for only necessary purposes and 
without waste. Mineral resources that have 
been “used up” are gone forever. 


THE SUPPLIES OF MINERALS : Some of 
our mineral resources are in ample supply. 
Others are in short supply. Whether their 
quantities are ample or short, however, de- 
pends only partly on the quantities of them 
in the earth. It depends also on how easily 
they can be secured, processed, and brought 
to the places where they are needed. 


2Pages 217 and 218. *Page 465, col. 2. 
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The discussion of specific non-renewable 
resources will here be confined to iron and 
the energy sources coal, oil, natural gas, and 
gasoline. 

Diminishing supplies of iron. The 
richest and most convenient deposits of iron 
ores in the United States are in the Mesabi 
Range in Minnesota (illustration, p. 489). 
These supplies, however, seem likely, before 
many years, to become exhausted. In fu- 
ture, therefore, American iron for American- 
made steel must come from other sources. 
These are likely to be low-grade domestic 
ores! and high-grade foreign deposits. These 
latter include the vast, recently discovered 
deposits along the border between the 
Canadian provinces of Quebec and Labra- 
dor and in South America. 

The situation with respect to iron is in 


1A low-grade ore is ore that contains a small pro- 
portion of a desired mineral or that requires a highly 
expensive process for extracting the desired mineral. 
A high-grade ore is one that has the opposite char- 
acteristics. 


Panning for “flour” gold in Montana. Flour 
gold looks like yellow mud. It cannot be recov- 
ered by any commercial process. Is gold 
a mineral, an ore, or a rock? Explain 
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general not far different from that of every 
other metal widely used in industry. 

Diminishing resources of energy. Coal. 
Authorities are not agreed on the length of 
time that our coal will last. Some say that 
the deposits are rapidly diminishing. Others 
state that there are still thousands of millions 
of tons in the United States and Canada. 
Much of the remaining coal, however, is of 
low grade. Furthermore, much of it is not 
easily obtained. With present mining meth- 
ods, about 2 tons of coal are left in the mine 
for every one that is taken out. 

Oil. Like the present methods of mining 
coal, the methods of obtaining petroleum 
now in use are not economical of the under- 
ground stores. For every barrel of oil that 
is obtained from wells, much more than a 
barrel is left in the ground. 

The demand for oil, both for making 
gasoline and for other uses, has been rapidly 
increasing for many years. Furthermore, it 
seems likely to increase more rapidly in 
future. Some authorities state that the sup- 
plies of oil cannot long remain adequate. 
As in the case of coal, however, authorities 
do not agree on this point. 

Natural gas. Like coal and oil, natural gas 
has been wasted. In the early days of the 
oil industry, the natural gas that flowed out 
of oil wells was allowed to escape. Even 
now much natural gas and also oil escape 
from every gusher well at the time when 
the well first “comes in” and before the 
pipe can be capped. Much natural gas 
has been burned needlessly. In a few 
localities, even today, natural gas is burned 
from open pipes day and night. 


CONSERVING OUR DIMINISHING RE- 
SOURCES - Fortunately, there are practical 
ways in which our supplies of various min- 

"Page 276, il. 
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Open-pit iron mines in the famous Mesabi Range. What do you infer from this 


erals may be made to last longer. Eleven 
of these ways will now be stated, with one 
or more illustrations of each. 

By using them over and over. The sup- 
plies of most of the metals in common use are 
extended in this way. To illustrate, about 
a third of all the iron and steel produced 
is returned as scrap to the steel mills to be 
used in making more steel. The lead in old 
storage batteries is recovered and used again. 
Aluminum too is recovered for further use. 

By adding to the available supplies 
from sources previously not used or 
scarcely used. An example of this means 
would include obtaining important minerals 
from ocean water) The aume ay CUm 
when chemists will be able to extract suffi- 

!Pages 271 and 272. 


picture that an open-pit mine is? 


cient quantities of many scarce and neces- 
sary minerals from the oceans. Perhaps of 
even greater importance are the means of 
increasing the petroleum supplies. 

Present sources of petroleum. Since the first 
American oil well was drilled,” great fields 
have been located and put into production 
in many states (illustration, p. 490). Great 
new fields are being developed both in the 
United States and in the Canadian prov- 
inces of Alberta, Manitoba, Saskatchewan, 
and British Columbia. One of the largest 
oil fields in the world is in Venezuela. An 
American company is developing it. Much 
of the oil used in Europe is being obtained 
from fields in the countries of western and 
southwestern Asia. 

*Page 276, col. 2. 
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Standard O11 Company of California 
An early oil well in California, perhaps the first in 
that state. Topic for Individual Study: What 
resources of coal, oil, and natural gas does 
your state or province have? 


Possible future sources of oil products. New 
oil fields. Some scientists believe that only 
a small fraction of the petroleum that is in 
various parts of the world has yet been 
found. Not all, however, is readily avail- 
able. Many deposits exist in locations where 
it would be too expensive or not possible to 
develop them. 

Oil from shale. In twenty states and in 
Alaska there are enormous deposits of shale 
rock from which oil can be extracted. This 
oil is about half-way between petroleum and 
coal in appearance and state. Good fuel 
oil and gasoline can be made from it. But 
no inexpensive process of extracting shale 
oil from the rock has yet been invented. 

Oil from tar sands. Still another possible 
future source of oil is tar sands. ‘Tar sands 


are sands that are mixed with considerable 
proportions of oil. This oil is of poor quality. 
Yet gasoline and other valuable products 
can be made from it. 

A vast deposit of tar sands extends for 
miles along the Athabaska! River, in Al- 
berta, Canada. The oil in this deposit is 
estimated at tens of billions of barrels. It 
cannot, however, be obtained from drilled 
wells. It is too "heavy" to flow. No profit- 
able way has yet been found to get the oil 
out of the sand. 

Gasoline from natural gas. Considerable 
gasoline is now being made from natural 
gas. The process, however, is more expen- 
sive than that of making this product from 
petroleum. Some gasoline is being made 
also from the gas obtained from the partial 
combustion of coal. Successful experiments 
have been conducted for obtaining this gas 
directly from the mines by burning the coal 
in them. This process eliminates the ex- 
pense of mining such coal. Also, it makes 
possible the use of veins of poor-quality coal 
and of veins located where they cannot be 
profitably mined. 

By protecting surfaces from chemical 
action, especially oxidation. An important 
example of this method is the under-coating 
of automobiles. Another was putting sur- 
plus warships and airplanes in “moth balls” 
after the Second World War. All their 
metal surfaces were protected against oxida- 
tion by an air-tight coating that could easily 
be removed at any future time. This method 
of conservation has since been found to have 
been completely effective. 

By inventing better and less expensive 
processes for securing desired minerals. 
Mines that have long been closed can often 
be worked again profitably because of the 
invention of some new process. Similarly, 

VAthabaska (Ath à bas’ka). 
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the waste materials of mines and ore- 
processing plants can sometimes be profit- 
ably processed again. 

By finding new ways of using by- 
products of industry. In manufacturing 
gasoline from natural gas and shale, great 
quantities of valuable chemicals are secured 
as by-products. From these can be made 
perfumes, dyes, and many other products 
for which there is a ready and profitable 
market. 

By using substitutes. Plastics are being 
used in place of metals, glass, and other 
materials, in the manufacture of a large and 
increasing number of articles. These arti- 
cles include dishes, toys, insulators, fabrics, 
tool handles, and hundreds of other articles 
(illustration below). Plastics are substances 
that can be molded like wax or clay if 
enough heat or pressure Or both are applied. 
They then retain their molded shapes more 
or less permanently. Chemists make them 
out of products obtained from trees and 
other plants and also from coal, milk, and 
Mostly, how- 


other common substances. 


These and many other household 

articles that formerly were made 

of metal are now made of plastic. 

In what ways are plastics better 

than metal for such articles, and 
in what ways not so good? 


ever, they synthesize! the plastics in their 
laboratories from the necessary elements and 
compounds. 

Certain plastics are stronger than equal 
weights of steel. Others are fire-proof. Still 
others are water-proof. They can be molded 
into almost any shape and can be made al- 
most any color or combination of colors. 
Already more than a thousand plastics have 
been made. Of these, at least a hundred 
are useful. 

Concrete? is a common substitute for mọre 
expensive building stones and metals. Alco- 
hol made from corn-cobs and other plant 
wastes may soon replace part of the gasoline 
used in automobiles. It has been suggested 
that surplus grain supplies should be used 
for making such alcohol. 

Oil and natural gas are now the chief sub- 
stitutes for coal. In fact, in 1946 oil and 
natural gas together replaced coal as the 
chief source of energy in homes and factories. 
Atomic energy is already being controlled 
to a limited extent for industrial uses. It is 

1Page 100, ftnt. 2. ?Page 278, col. 2. 


Plastics Division, Monsanto Chemical Company 


believed possible that it may even replace 
all the fuels now widely used.* 

By improving machines, appliances, 
and industrial processes. To illustrate, 
engineers are constantly striving to design 
automobiles and tractors that can run more 
miles on a gallon of fuel than older models. 
Also, they are trying to improve the combus- 
tion of coal and oil in homes and factories. 
They have already succeeded in greatly re- 
ducing the amount of unburned fuel that 
now goes up the chimneys as soot. 

By increasing the proportion of raw 
materials secured from the earth’s sup- 
plies. The oil industry furnishes an ex- 
ample of such a process. Although gushers 
are numerous, most of the oil must be 
pumped at least part of the way to the sur- 
face. Why? Because some gas usually es- 
capes at first, along with the oil.? Another 
reason is that, as the oil is removed, the space 
above it becomes greater. Hence the gas 
pressure on the surface of the underground 
oil decreases. 

Compressed natural gas is now being forced 
down to replace the gas that has escaped. 
This added gas maintains or increases ‘the 
pressure on the oil. This pressure continues 
to force the oil upward. Salt water is also 
pumped down into the porous rock or sand 
below the “‘oil reservoir." The denser water 
displaces? the oil from the cracks and pores 
in the rock or sand. The displaced oil floats 
to the top of the water. Thence it is forced 
to the surface by the pressure of the gas. 
The added gas and the salt water together 
increase by as much as 50 per cent the 
quantity of oil that can be taken from an 
“underground pool.’ 


1Page 495, ‘Topics for Individual Study,” No. 3. 

?Paragraph on page 277, under “Natural gas.” 

*Page 109, ftnt. 4. 

‘This process of obtaining more oil by using com- 
pressed gas and salt water is called “squeezing.” 


By using oil and grease to reduce and 
delay the wearing out of parts and to 
prevent their destruction through over- 
heating. Common examples of these two 
ways of conserving metal surfaces are “get- 
ting the car greased” and keeping enough 
oil in its engine. 

By using machines in conservative’ 
ways. In a recent study “cowboy driving” 
was found to use one and three-fourths 
times as much gasoline as conservative 
driving (illustration, p. 493). By "cowboy 
driving” is meant starting fast, stopping 
suddenly, and driving at high speeds. 

By limiting the quantities of scarce 
substances that may be used or obtained. 
The rationing of scarce metals and minerals 
has at times become necessary. You can 
probably recall times when the government 
has permitted such substances to be used 
only in limited quantities except for essen- 
tial purposes. Moreover, it has become a 
fairly common practice to limit the quanti- 
ties of oil that may be taken from the wells 
in certain fields. In some fields, too, the 
number of wells that are allowed to be 
drilled is limited. 


CONSERVATION, AN INTERLOCKING 
PROGRAM OF MANY PARTS - "There is no 
aspect of conservation that is separate and 
apart from all others. As you know, if one 
player on a team fails to do his part well, the 
team is likely to lose.’ Likewise, if one part 
of the conservation program fails, the whole 
program may fail. 

We do not want to lower our present liv- 
ing standards. Instead we want to continue 
to raise them. We like abundant and varied 
foods, electric lighting, and artificial heating. 
We enjoy such modern amusements as radio, 


5Conservative (kön sür'và tiv): safe and moderate. 
5Page 494, ‘Consumer Science," Nos. 1 and 2. 
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In what ways, besides that of wasting gasoline, is "cowboy driving" bad 
' from the standpoint of conservation? 


television, “movies,” and sports. We like 
all other modern comforts, pleasures, and 
conveniences. Without effective conserva- 
tion, however, the time will certainly come 
when people will have to get along without 
many luxuries that they now enjoy. They 
will even have to do without some things 
that they need. This could occur during 
your life-time. It could happen to you, no 
matter who you are or where you live. 
"Conservation is not something to be 
practiced when and if it is convenient to do 
so. It is not merely something that it would 
be wise to do. It is something that must be 
done. Effective conservation is necessary to 
survival. Unless everybody practices 
conservation in every way that he can, the 


our 


time will soon come when our pleasant way 
of life will no longer be possible. The time 
may come when the nations of the world, 
as we know them, will no longer exist. 

This quotation, from an article on con- 
servation, is worth pondering: 


Babylon, once the capital of the world, 
is just a large mound, and over it I saw a 
shepherd leading a flock of sheep, nibbling a 
blade of grass here and there. The shepherd 
with the flock of sheep is the final scavenger 
to pick the bones of dead civilizations. Let 
us hope that we may be smart enough to 
escape him. If so, we must change some of 


our ways.! 


1J. Russell Smith, “Regional Suicide," The Land 
(Autumn, 1949), Vol. VIII, pp. 315-316. 
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Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 487-493. 1. Canada 
and __?__ will probably supply most of the 
high-grade iron ore needed for American 
industry in the future. 

2. Three diminishing sources of energy 
ANG PDA lands sonde 

3. Three important metals that are con- 
served by being used over and over are iron, 
uranium, and aluminum. 

4. Possible future sources of gasoline are 


E I Lie 


5. State at least eight ways in which the 
supplies of minerals can be made to last 
longer, and give an example of each way. 


6. Important substitutes for glass and 
metals for making many articles are ..?... 


7. It is necessary for everybody to practice 
conservation. 


SCIENTIFIC PRINCIPLE - "Matter and 
energy can be changed from one form to 
another, but cannot be either created or 
destroyed. 


Applymg and. Extending What You Know 


AS SCIENTISTS WORK AND THINK : 1. 
On page 487 is the statement "Mineral 
resources that have been ‘used up’ are gone 
forever." Does this statement disagree with 
the principle of conservation of matter and 
energy?! Explain. 

2. What scientific attitudes does a farmer 
lack who continues to use farming methods 
that destroy the soil, even though he knows 
what the results of these methods will finally 
be? 


CONSUMER SCIENCE - 1. Name several 
manufactured articles that farmers must 
buy. Name several articles, besides food, 
that farmers produce and that city dwellers 
must buy. 

2. Can you give illustrations of each of 
the following statements? If city dwellers 
are not prosperous, they cannot buy farmers' 
produce. If farmers are not prosperous, 
they cannot buy the things that city dwell- 
ers make. Conservation is necessary to the 
prosperity of both. 

3. Can you think of any uses that are 


1Page 282, col. 2. 


being made, or that might be made, of the 
oil drained from automobile engines? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. Make up questions the answers to 
which will be reasons for the statements in 
the quotation on page 493. 


2. Can you list some non-renewable 
resources that can be used over and over 
again? some that can be used only once? 


3. Can you name some purposes for 
which plastics will probably not replace 
metals? 


4. List some practices that will extend the 
life of the family car. 


5. On page 489 it is stated that about a 
third of all the iron and steel produced is 
returned as scrap to the steel mills to be 
used over again. What happens to the 
other two thirds? 


6. Why is it considered necessary to limit 
the quantities of oil that may be taken from 
certain oil wells? Why is it considered 
necessary to limit the number of wells that 
may be drilled in a certain oil field? 
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TOPICS FOR INDIVIDUAL STUDY - 1. Ask 
your teacher to write to the Phoenix Project, 
the University of Michigan, Ann Arbor, 
Michigan, for information about investiga- 
tions of peace-time uses of atomic energy. 
Prepare a report on the materials that she 
receives. 

2. Ask your teacher to write the United 
States Bureau of Mines, Washington, Dees 
for materials that deal with minerals of 
which the United States is in short supply. 
Plan a report on the facts that you can learn 
from these bulletins. 

3. Butane! is being used to an increasing 
extent as a substitute for gasoline as a fuel 
for trucks and busses. What is butane? 
In what ways is it superior to gasoline? In 
what ways is it inferior? Consult textbooks 
of chemistry or an encyclopedia. 


COMMUNITY APPLICATIONS OF SCI- 
ENCE - 1. Studying the care of metals in 
your community. Suggest that the mem- 
bers of your class keep records for a week 
of the cases in which they observe that 
metals are being lost in the sense that they 
will never be used again. Suggest that a 
committee be elected by the class to com- 
bine the lists and report the results to the 
class. 

2. Investigating the use of metal sub- 
stitutes. Suggest that for one week every 
member of your class keep a record of the 
cases in which he observes that plastics, 
glass, or clay articles are serving as sub- 
stitutes for metals. A general discussion of 
the topic ‘Plastics as Substitutes for Metals” 
would be an interesting program number 
for your science club. 


BULLETIN-BOARD DISPLAY Collect 


from newspapers and news magazines pic- 
tures and articles that illustrate the use of 


1Butane (bü'tàn). 


Posi-Dispatch, from Black Star 
Which of the eleven ways of making our dimin- 
ishing resources last longer does this picture 
best illustrate? 


Vinee D E TITRE 


substitutes for non-renewable resources. Se- 
lect the best ones and post them on the 
bulletin board in your science room. 


PANEL DISCUSSIONS : 1. Topics: Con- 
servation is more important to city dwellers 
than to country dwellers. 

2. Topic: The need for conserving non- 
renewable natural resources is greater than 
that for conserving renewable resources. 

3. Topic: The owner of land that con- 
tains good soil, timber, or other natural re- 
sources does not have the right to use or use 
up these resources inany way that he pleases. 
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to this illustration? 


An oil well in Wyoming. Where in the preceding section should you put a reference 


COMMUNICATION 
IN THE MODERN WORLD 


American Telephone and Telegraph Company 
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SHARING IDEAS AND IMPRESSIONS 


1. What Are the Nature and Characteristics of Sounds? 


SILENCE - You cannot imagine what com- 
plete silence is like unless you have experi- 
enced it. 

During the sight-seeing tour through the 
Carlsbad Caverns, the rangers stop the peo- 
ple at one point, the Rock of Ages. They 
explain that they will turn off the lights, so 
that there will be complete darkness for just 
one minute. They request everybody to be 
seated and to remain quiet. 


For one minute there is absolute darkness. 
Also, there is stillness so nearly complete that 
most of the people comprehend for the first 
time what the word silence means. They 
realize that under ordinary conditions there 
is never absolute quiet. Even in what seems 
to be perfect stillness there are always many 
sounds. These may be too faint to be identi- 
fied or even noticed, or so familiar that 
they no longer catch one’s attention. 


Communication in daily life. How many other means of communication 


can you name in one minute? 


Sound waves from a sounding body. 


they travel like an unbroken succession of expanding balls. 


These waves appear to be circles, but actually 


Bell Telephone Laboratories 


Can you explain why about 


half of each sound wave is slightly compressed air and the other half a partial vacuum? 


HOW SOUNDS ARE PRODUCED : A simple 
experiment will indicate what causes a 
sound. Put a yard-stick or a lath on a table 
top, with its end extending a foot or more 
beyond the table edge. Hold firmly the part 
that is against the table while somebody 
bends the extended end upward and then 
releases it. The end will vibrate! and, as it 
does so, will give forth a hum. Repeat the 
experiment at least twice, changing the 
length of the extended end each time. 

This experiment provides evidence that 
supports the principle PSounds are pro- 
duced by vibrating bodies Each complete 
vibration produces 1 sound wave (illustra- 
tion above). Thus, if the end of the stick 


Page 199, ftnt. il ?Page 516, il. 


vibrated 30 times in a second, it sent out 50 
sound waves per second. Hence the fre- 
quency of that sound was 30 vibrations per 
second. 


HOW SOUND WAVES REACH OUR EARS - 
Light, heat, and other forms of radiant en- 
ergy travel through vacuums.’ Will sound 
waves also travel through a vacuum? If not, 
how do sound waves reach our ears? Three 


experiments will indicate the answers to this 


question: 
An electric bell or an alarm clock is in- 


stalled in a bell jar. While the bell is ring- 
ing, the air is pumped out of the jar with a 
vacuum pump.’ As the space inside the jar 


3Page 111, col, 2. 4Page 37, col. 1. 
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becomes more nearly a perfect vacuum, the 
sound becomes fainter and fainter. If then 
the air is allowed to fill the jar again, the 
bell sounds as loud as at first. This experi- 
ment indicates that "sound waves travel 
through air, but not through a vacuum. 

Fill a basin with water. Tap on the 
bottom so lightly that you can barely hear 
the tapping noise. Put one ear under the 
surface of the water. Tap as lightly as be- 
fore. Can you now hear the tapping clearly? 
No doubt you can. This experiment indi- 
cates that sounds travel through a liquid. 
It provides evidence also that "liquids trans- 
mit sound waves better than air does. 

Tap with your finger on a door so lightly 
that you can barely hear the sound of the 
tapping. Then, while continuing the tap- 
ping, place your ear firmly against the door. 
Can you now hear the sound more or less 
clearly through the solid door than you 
could through the air? Doubtless, more 
clearly. This experiment indicates that 
Psound waves travel through a solid. 

When you compare the results of all three 
experiments, you have some cvidence that 
Pboth liquids and solids transmit sounds 
better than air does. 


HOW FAST SOUND WAVES TRAVEL - At 
ordinary temperatures sound waves travel 
about 1100 feet per second in air. The 
speed increases somewhat as the tempera- 
ture increases. Moreover, under the same 
conditions, all sounds travel at the same 
speed. To illustrate, you can hear all the 
voices in your school chorus at the same time 
from any place in the auditorium. If differ- 
ent sounds traveled at different speeds, either 
the high voices or the low voices would 
reach your ears first. Then the singing 
would be noise and not music, unless you 
were close to the singers. 


Scientists have found that sound travels 
through water more than four times as fast 
as through air. Also, they have found that 
sound travels through solids even faster. 
For example, sound travels through steel 
nearly fifteen times as fast as through air. 
PIn general, the denser a body, the faster 
sound travels through it. 


CHARACTERISTICS OF SOUNDS - Loud- 
ness. To anybody with normal hearing who 
was fairly near Krakatoa! when it exploded, 
the noise must have been beyond imagining. 
Yet to a totally deaf person equally near, 
the explosion was a silent one, though he 
might have felt the vibrations. To a person 
with normal hearing, at a great distance, 
the noise of the explosion sounded faintly. 
You can probably think of many examples 
to illustrate that sounds differ in loudness 
(illustration, p. 501). 

Pitch. No doubt you noticed, in the ex- 
periment with the yard-stick, that a short 
end vibrated more rapidly than a longer 
one. Stated in another way, the frequency 
of vibration of a short end was greater than 
that of a longer end. You probably noticed, 
too, that the short end gave off a higher tone 
than a longer end. These observations indi- 
cate that "the larger the number of vibra- 
tions that a body makes per second, the 
higher is the pitch of the sound produced. 
You probably noted also that the vibrating 
end sounded practically the same note, 
whether it was vibrating strongly or weakly. 
These observations indicate that Pthe pitch 
of a sound depends, not on the strength of 
vibration, but on the frequency. Thus the 
pitch of a sound will be the same, whether 
the sound becomes louder or fainter. 

Quality. Years ago it was common for 
the leader of a chorus or a singing school to 


'Page 256, col. 1. 
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Alexander the Great is said to h 


phone prevented the sound waves from ex 


them in one direction. From your own experience, can you 


same sound is louder to one person than to another equally near the sounding body? 


sound the pitch with a tuning fork. The 
singers or the leader hummed the same note 
as that of the tuning fork, as a guide to the 
right key. But nobody’s voice sounded at 
all like the note of the tuning fork. Why? 
Because the tuning fork gives forth a pure 
tone, but nobody’s voice does. 

is one that is produced 


A pure tone 
Any 


by vibrations of only one frequency. 
sound that a person or an instrument may 
produce is made up of several or many dif- 


megaphone shown here to shout orders to his troops several 
panding in all directions. 


= ine 


‘Norfolk and Western Railway Company 


ave used, in the fourth century B.C» the type of 


miles away. The mega- 
Instead it beamed 
state reasons why the 


ferent tones. Each of these separate tones 
has a different frequency from all the others. 
The different tones together make up the 
quality of the sound. The quality of a 
sound is the property that makes it different 
from every other sound, even those that have 
the same loudness and pitch. 

If the waves from vibrating bodies reach 
our ears at regular intervals, we hear a 
musical sound. But if they reach our ears 


irregularly, we hear a noise. Thus your 
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school chorus produces music. Though no 
two members’ voices are alike in quality, 
their vibrations strike the ear at regular in- 
tervals. In contrast, the school cheering sec- 
tion produces noise because the combined 
vibrations of all the voices are irregular. 


ECHOES - Echoes are reflected sounds. 
They are reflected from walls, groves of trees, 
ocean bottoms, and many other surfaces. 
The rumbling of thunder is the sound of the 
lightning discharge as it echoes back and 
forth between cloud surfaces. 

In a small room, sounds make the round 
trip to the walls and back in a small fraction 
of a second. Thus they return in time to 
blend with the original sound. In a large 
hall, however, the words or musical tones 
return too late for this. Instead they inter- 
fere with the next words or tones. Confused 
noises result. 


Echoes are commonly reduced by install- 
ing sound insulation. Such insulation usu- 
ally consists of soft and porous wall-board, 
which absorbs sound vibrations. Soft cloth 
hangings serve the same purpose. Also, they 
are additionally effective in reducing echoes 
by reflecting in all directions the parts of 
the sound waves that the cloth has not 
absorbed.! 


SUMMARY - *?Sounds are produced by 
vibrating bodies. "Sounds travel in all direc- 
tions through solids, liquids, and gases, but 
not through vacuums. In general, the 
denser a body is, the faster sound waves 
travel through it. Also, Pthe higher the 
temperature, the more rapidly sound waves 
travel. Three characteristics by which 
sounds can be distinguished from one an- 
other are their pitch, loudness, and quality. 
Echoes are reflected sounds. 


2. How Are We Equipped to Use Sounds in Communication? 


HOW WE HEAR - If somebody drops a 
heavy book in the study hall, almost every- 
body in the room looks up at once, even 
though he knows what caused the noise. If 
a strange sound occurs, everybody looks up, 
too, because he is curious about what caused 
the sound. Even in a noisy place, some- 
body’s voice that we want to listen to 
catches and holds our attention. Why are 
these three statements true? Because we 
hear, not with our ears, but with our brains. 

*Our ears are merely instruments that 
collect and transmit sound wavés. They 
receive one sound as readily as another. But 
our brains “sort them out." Through ex- 
perience from babyhood, we learn to iden- 
tify familiar and expected sounds. We try 
to identify the strange ones. 


The sound waves are funneled by the 
outer ear to the ear-drum (illustration, p. 
503). This is a thin, stretched membrane, 
or tissue, somewhat like a drum-head. The 
sound waves cause the ear-drum to vibrate 
with the same frequency as their own. The 
vibrations of the ear-drum are transmitted 
through the three smallest bones of the 
body? to the inner ear. There the energy of 
motion is changed to another form of energy, 
probably electrical. This energy travels 
along a special nerve? to a certain area of the 
brain. The brain identifies and interprets 
the sound. 


1Page 514, Applying Your Knowledge of Science,” 
Nos. 2, 3, 6. 

*Because of their shapes, these bones are called 
the hammer, the anvil, and the stirrup. 

*The auditory (Ó'dt to rf) nerve. 
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AUDIBLE AND INAUDIBLE FREQUEN- 
CIES - *People vary greatly with respect to 
the ranges of sounds that they can hear. 
People with normal hearing can hear sounds 
whose frequencies range between low tones 
of about 16 vibrations per second and high 
tones of 20,000 vibrations per second.’ A 
partly deaf person has, of course, a narrower 
range of audible? sounds. Children hear 
much wider ranges of sounds than old people. 
In general, dogs and cats can hear higher 
tones than people can, but not such low 
tones. 

The frequencies that are below 16 vibra- 
tions per second, and hence are not audible 
to us, have not yet been found to be im- 
portant. But the ultra-sonic? frequencies 
have been. These range from about 20,000 
vibrations per second to perhaps half a 
billion (illustration below; right). 

Practical uses of high-frequency waves 
have already been discovered. They have 
been employed successfully in separating 
soot particles and other unburned particles 
from the gases in factory chimneys, and for 
dispersing, or scattering, fog at air-ports. 
They have been the means of locating 
sunken ships and schools of fish in the ocean. 
Also, they have been found to have some 
value in killing bacteria. Experiments with 
them, however, must be carried on with 
caution. There is some evidence to indi- 
cate that ultra-sonic waves produce harm- 
ful effects on the human body. 


1The abbreviation vps is commonly used to mean 
“vibrations per second.” 

2 Audible (6'di b’l): capable of being heard; heard. 

3Ultra-sonic (til trà son’ik): having to do with vibra- 
tions that are too rapid to be heard. Sometimes 
super-sonic is used with the same meaning as ullra- 
sonic. But super-sonic is more commonly applied to 
speeds of airplanes. When thus used, the term means 
“faster than the speed of sound, or more than about 
740 miles per hour.” 
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Structures of the ear. Note that the ear contains 
the organ of balance. Compare the ear with Al- 
exander's megaphone, stating ways in which they 
are alike and ways in which they are different 
Ss o ee Le 
CARE OF THE EARS - *The ear is a deli- 
cate instrument. The ear-drum is easily in- 
jured. It is easily pierced or broken. More- 
over, germs from colds and other infections 
can cause diseases of the middle ear or of the 
spaces in the bones around the middle ear 
pe ee 


These marbles are being supported in the air by 
high-frequency “sound”? waves produced by a 
siren. These waves have frequencies far beyond 
the audible range. Does this picture indicate that 


such air waves have energy? Explain 
International 


and the inner ear. These conditions, and 
others as well, can cause partial or complete 
deafness. Therefore, if there is continuing 
pain in your ear or if your hearing seems 
less keen than usual, consult an ear special- 
ist at once (illustration below). 

*Three other common-sense rules for con- 
serving one’s hearing are these: Never poke 


a pencil, toothpick, or other sharp-pointed 
object into the ear. Never pinch the nostrils 
while blowing the nose. Never put into the 
ears any medicines except those prescribed 
by a physician. Probably you can recognize 
in the preceding paragraphs and in the illus- 
tration on page 503 reasons for these three 
statements. 


3. How Is Communication Carried on by Telegraph 


and Telephone? 


International 


The device illustrated here is an “‘air-conduction 


hearing aid." It makes the sound waves stronger 

before they strike the ear-drum. Another type, 

the *bone-conduction hearing aid," is attached 

to the head, so that the vibrations are transmit- 

ted through the bone to the inner ear. Which 

principles on page 513 are applied in the device 
shown here? 


MILESTONES OF SCIENCE - Probably you 
have read exciting tales of whaling voyages 
of more than a century ago. Such voyages 
to remote seas sometimes lasted longer than 
two years. For months at a time the ships 
were “little worlds in themselves.” The 
mariners were entirely without news of their 
homes or the world. In this present age of 
hourly broadcasts and direct communication 
with almost every locality, we cannot realize 
what it would be like to be thus “shut in.” 

'The new age of communication bas de- 
veloped along with the science of electricity. 
This age may be said to have begun in 1844, 
when Morse? sent the first telegraph message 
—one from Washington to Baltimore. An 
equally important milestone of science was 
the sending, in 1876, of the first message over 
the pioneer telephone system, newly in- 
vented by Bell. A third was Marconi’s* dis- 


YTo THE 'TEAGHER. To the pupil who has had little 
acquaintance with electricity, the appliances that 
are discussed in this section may seem complex and 
confusing. With some classes, therefore, it may not 
be desirable to require mastery of this section. 

2Samuel F. B. Morse (mórs): American artist and 
inventor; lived, 1791-1872. 

3 Alexander Graham Bell: American inventor who was 
born in Scotland; lived, 1847-1922. 

‘Guglielmo (goo ly&l/mo) Marconi (mar ko'ne): Ital- 
ian electrical engineer and inventor; lived, 1874-1937. 
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Sounder i 


round 
wire 


Can you trace the direction in which the current 


switch 


would flow if both switches were 


reversed? Which sounder would then be clicking, or would both, each time that 


patching, in 1901, of the first radio signal 
(the letter s) across the Atlantic. Other 
milestones of science include the invention 
of motion pictures, sound motion pictures, 
television, and radar. 


A SIMPLE TELEGRAPH SYSTEM - In sev- 
eral ways a simple telegraph circuit is like an 
clectric-bell circuit (illustrations above and 
on page 354). The telegraph key makes and 
breaks the circuit, as does the push button 
of a bell circuit. The coils in the telegraph 
sounder become magnets as soon as the cur- 
rent begins to flow through them. They 
cease to be magnets when the circuit is 
broken and the flow of current is stopped. 
The iron armature of the sounder operates 
in the same way as that of the bell. : 

Pressing the key completes the circuit. 
'The electromagnet of the sounder then pulls 
the iron armature down with a sharp click. 
Releasing the key breaks the circuit. At 


the key was depressed? 


once the electromagnet loses its magnetism 
and no longer attracts the armature. In- 
stantly a spring pulls the armature up with 
a duller click. Thus there are two clicks 
whenever the key is pressed down and then 
released. 

Messages are sent in dots and dashes. A 
dot is made by pressing down the key and 
instantly releasing it. The two clicks then 
sound almost like one- A dash is made by 
holding the key down for an instant before 
releasing it. Each letter of the alphabet is 
represented by a certain combination of 
dots and dashes. 

Improving communication by tele- 
graph. At first telegraph receivers recorded 
the dots and dashes on a tape. Later the 
operator received the messages by ear and 
wrote them by hand or with a typewriter as 
he received them. Most messages now are 
sent and received by teletype. By this 

1Teletype (těle tip). 
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method the messages are transmitted as fast 
as they are typed on a special electric type- 
writer. They are typed by another electric 
typewriter at the receiving station. 

Teletype transmission is widely used by 
news services and police departments be- 
cause the messages can be received by many 
stations at once. With another improvement 
several messages can be sent through the 
same wire at the same time. With still an- 
other, almost three hundred messages can 
be sent at once through two wires. Another 
form of telegraph system transmits photo- 
graphs and other pictures. 


A SIMPLE TELEPHONE SYSTEM - Current 
is constantly flowing through a telephone 
circuit when the telephone is in use (illustra- 
tion, p. 507). When one speaks into the 
transmitter, or microphone, the sound 


waves set the diaphragm? vibrating with the 
same frequency as that of one's voice. The 
vibrating diaphragm alternately crowds the 
carbon grains closer together and allows 
them to settle farther apart. Pressing them 
together makes their resistance less because 
it makes the grains more compact. There- 
fore the current through the grains is in- 
creased. Allowing the carbon grains to 
spread farther apart increases their resist- 
ance and decreases the current. Thus the 
sound vibrations make the currents through 
the circuit alternately stronger and weaker. 
Consequently they change the magnetic 
field in the receiver. These changes cause 
the diaphragm in the receiver to vibrate in 
harmony with the diaphragm in the trans- 
mitter. Therefore the vibrating diaphragm 
of the receiver sends out sound waves like 
those of the voice. 


4. How Do Sound Recordings, Television, Motion Pictures, 
and Radar Contribute to Communication?’ 


“CANNED” PROGRAMS - Often a radio 
announcer will state, “The following pro- 
gram is transcribed." By this he means that 
the program will be broadcast from pre- 
viously prepared recordings. A recent sur- 
vey revealed that more than 95 per cent of 
the radio broadcasts were then being partly 
or wholly transcribed. The sound parts of 
all motion-picture shows are produced from 
recordings. So also are the sound parts of 
many television? shows. 


DISK RECORDINGS : In making a disk re- 
cording, the sound is directed into a micro- 
phone. This is much like a telephone trans- 

1Microphone (mi'kro fon): an instrument for trans- 


mitting sounds or for making faint sounds louder. 
? Television (télé vizh tin). 


mitter. In it the sound waves produce vibra- 
tions that cause changes in an electric cur- 
rent. These variations cause a sharp record- 
ing needle to cut corresponding wavy 
grooves in a rotating disk. This disk be- 
comes the "master." Impressions of it are 
made on several disks. Each of these is 
electro-plated® with a thin layer of gold or 
copper. The final records that we buy are 
produced by pressing a plastic or some other 


3 Diaphragm (di'à fram) here and on later pages means 
“a thin disk of vibrating metal.” 

‘Page 335, col. 2. 

‘To rue TEACHER. To the pupil who has had little 
acquaintance with these more advanced applications 
of science, some of the materials in this section may 
seem complex and difficult. With some classes, there- 
fore, it may not be desirable to require mastery of 
this section. 6Page 355. 
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Carbon grains 


A simple telephone circuit. 


ceiver are in opposite ends of the same instrument. 


In the modern telephone set the transmitter and the re- 


Can you follow the path of the 


current through this circuit? 


suitable material into the grooves of one of 
these metal-plated records (illustration on 
this page). 

When a record is played, a needle follows 
the grooves. It is thus caused to vibrate in 
the same way that the recording needle 
vibrated when the original record was being 
cut. These vibrations are amplified’ into 
the sounds that we hear. 


WIRE OR TAPE RECORDINGS - In this 
type of recording, as in disk recording, 
sounds are changed by means of a micro- 
phone into varying electric currents. These 
currents are made to produce a record that 
consists of a varying magnetic field in and 
along a steel tape Or wire. When this record 
is reproduced, the magnetic field induces? 
in a circuit currents like the original ones. 
These produce sound waves like the ones 
that were recorded. 

Wire and tape recordings have certain 
advantages over disk records: They wear 
out or change in quality little or not at all. 


Amplify (ampli fi: to make greater; to increase 
the current or the voltage, usually by means of 
electronic tubes. ?Pages 338-240, il. 
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Parts of them can be removed or inter- 
changed. Also, the whole record can be de- 


magnetized, and the wire or tape can then 


Thomas A. Edison at the White House, where he 
demonstrated his newly invented phonograph 
to a Presidential party in 1877. When the 
crank (in his hand) was turned, the needle fol- 
lowed a groove in the tin foil that covered the 
cylinder. How do you think the record was 
made on the tin foil? The first models were only 


“talking machines” 
Thomas A. Edison, Incorporated 


be used for making a new recording. Wire 
and tape recordings, however, are inferior 
to the best disk records with respect to the 
quality of the music that they produce. 


MOTION PICTURES - Your grandfather 
may remember the first long feature motion 
picture, The Great Train Robbery. It was 
considered a marvelous achievement when 
it was first shown fifty years ago. Today it 
would be merely a curiosity. 

A motion-picture camera takes pictures 
on a moving strip of film at the rate of 16 
photographs per second for silent films and 
24 per second for sound films. Each picture 
therefore differs only slightly from the pre- 
ceding one. The pictures are projected on 
the screen at the same rate as that at which 
they were taken. Thus they produce a series 
of images each of which differs only a little 
from the preceding one. The human eye 
cannot distinguish between images that fol- 
low one another at intervals of a sixteenth 
of a second or less. Therefore the image of 
one picture does not have time to fade from 
the retina! before the image of the next is 
produced. Asa result, the images blend and 
give the false impression of motion. 


1Page 196, 


SOUND MOTION PICTURES . In making 
one type of sound track, the sounds are first 
changed to electric currents by a micro- 
phone. These currents are then sent through 
two thin metal strips connected in series 
(illustration below). These strips are set 
about a thousandth of an inch apart and 
between the poles of' a strong magnet. A 
beam of light is directed through the slit 
between the strips and is focused on the side 
of the motion-picture film. When no sound 
is being recorded, practically no light passes 
through the slit. When sound is being re- 
corded, the varying currents from the micro- 
phone cause the slit to become correspond- 
ingly wider. A photograph is thus taken on 
the film as the film is unwound at the proper 
speed, This photograph consists of bands 
of different degrees of darkness? and is 
known as a sound track. 

An electric eye, or photo-clectric cell, is 
used to reproduce the sound part of the film. 
A photo-electric cell is a special tube that 
changes light energy to electrical energy. 
When a beam of light strikes it, it produces 
currents that vary as the beam becomes 


"This type of sound record is called a variable- 
densily sound track. Another type, a variable-width 
sound track, is a continuous line that varies in width 
to correspond with the sound vibrations. 


A simple diagram showing how sound is recorded on a sound-motion-picture film. 
After reading the explanation on this page, explain the diagram in your own words 
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brighter or dimmer. As the film is being 
shown, light is directed through the sound 
track upon a photo-electric cell. The varia- 
tions in the strength of the light cause vary- 
ing currents to be produced by the cell. 
These currents pass into a loud-speaker. 
This instrument changes them to sound 
waves in much the same way as a telephone 
receiver changes the currents that reach it. 
These sound waves are like those that were 
recorded. 


THE ESSENTIALS OF RADIO BROAD- 
CASTING - Sending. The sound waves to 
be broadcast pass into the microphone (illus- 
tration, p. 510). This changes the sound 
waves into a weak alternating current that 
varies in strength as the sound waves vary. 
This current is called an audio signal or an 
audio current. lt is amplified! thousands of 
times by an instrument called an amplifier. 
'The strong alternating current flows through 
wires to the transmitter building. There it 
is amplified still more. It is then combined 
with the carrier signal or carrier current. The 
carrier signal is a strong alternating current 
that oscillates? at an unchanging frequency. 
Each station is assigned its own carrier- 
signal frequency. Thus WJR (Detroit) sup- 
plies a carrier signal of 760,000 oscillations 
per second, or 760 kilocycles. 

The audio signal and the carrier signal 
must be combined for this reason: If the 
audio signal were sent alone through the 
transmitting antenna, the resulting radio 
waves would not travel more than a few 
hundred feet. The carrier signal enor- 
mously increases the distance they travel. 

The combination of the audio signal and 
the carrier signal is the modulated® carrier sig- 

!Page 507, ftnt. 1. 

?0scillate (üs'1lat): to vibrate, or swing back and 


forth, or (in this case) to alternate. 
? Modulate (mdj'oó lat): to regulate or adjust. 


nal, or modulated carrier current. When broad- 
cast, it is changed to radio waves. Radio 
waves travel out in all directions with the 
speed of light.* Some of the radio waves are 
ground waves, or waves that travel parallel 
to the ground. These waves can be de- 
pended on to give good reception. But they 
rarely can be received satisfactorily farther 
than about 50 miles from the transmitting 
antenna. The rest of the radio waves are 
sky waves. They are reflected back to the 
earth by the ionosphere layers? They may 
return to the ground thousands of miles 
from the sending station. They may then 
be further reflected back and forth several 
times between the ionosphere layers and the 
ground. Such radio waves can sometimes be 
received at night more than half-way around 
the world. Sky waves cause "fading" and 
otherwise provide less satisfactory reception 
than ground waves. 

Receiving. The receiving antennae 
change radio waves back to alternating cur- 
rent. This alternating current is a modu- 
lated carrier signal, like the one that was 
broadcast, except that it is weaker. The 
radio receivers contain instruments that 
bring about three further necessary changes: 
They amplify the modulated carrier signal. 
They remove the carrier signal from the 
modulated carrier signal, leaving only the 
audio signal.’ They change the audio signal 
back to sound and send it out of the loud- 
speaker to the listeners (illustration, p. 511). 


TELEVISION - A television station has two 
transmitters. One is needed for the sound 
and the other for the picture. The sound 
is received by a microphone that is moved 
about so that it is kept above the performers. 


4Page 175, col. 2. 5Page 19, ftnt. 3. 
"This step is known as demodulation (dé möj 60 1a’ 


shün). 
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The essential parts and stages in AM broad- 
casting and receiving.! With radio, as with light, 
heat, and all other forms of radiant energy, 
Pthe faster a body vibrates, the shorter is the 
wave length. What changes from one form 
of energy to another are indicated 
from performer to listener? 


IPage 514, “Topics for Individual Study," No. 1. 


The sound is changed to audio signals and 
finally to radio waves in much the same way 
as in ordinary broadcasting.! 

Sending. The image to be televised? is 
focused by a lens in the television camera 
tube upon a surface called a mosaic? (illus- 
tration, p. 511). The surface of this screen 
is covered with thousands of separate specks 
of metal (silver coated with cesium‘). These 
specks serve as minute photo-electric cells. 
Each gives off electrons from its back surface 
as light strikes it. The stronger the light, 
the greater is the number of electrons given 
off. The electrons stream from the back of 
the photo-electric screen to the target. 
Every electron knocks more electrons off 
the target at the point where it hits. As a 
result, the electrons remaining on the target 
are in a pattern that corresponds to a photo- 
graphic negative. 

An electron gun in the camera tube sends 
out a beam of electrons (illustration, A, 
P. 511). This beam scans the back of the 
target. By this is meant that the electronic 
beam sweeps over the back of the target, 


"Page 514, “Topics for Individual Study,” No. 1. 
*Televise (tél’é viz). *Mosaic (mo zà'fk). 
‘Cesium (se'zt tim): a soft, silvery metal. 
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striking every portion of it 30 times per 
second. It supplies to each point on the 
target that has lost electrons as many elec- 
trons as it has lost. The beam is then re- 
flected back to the base of the tube. Thus 
the reflected beam varies in strength in ac- 
cordance with the brightness and dimness of 
the different parts of the scene that is being 
televised. This reflected beam supplies the 
picture signal, or picture current. 

An electron-multiplier amplifies the pic- 
ture signal thousands of times. This ampli- 
fied picture signal becomes the output signal. 
The output signal passes to the control room. 
From there, after further adjusting, it is 
sent to the picture transmitter. It is again 
amplified and combined with the carrier sig- 
nal. The modulated carrier signal is thus 
formed. This goes to the transmitting an- 
tenna. This antenna sends out the waves 
from the sound and also those from the pic- 
ture to the receiver (illustration, B, p. 511). 

Receiving. Both the sound and the pic- 
ture broadcast are received with the same 
receiver. The receiver contains instruments 
that perform the following functions with 
respect to the picture part of the signal: One 
changes the transmitted waves to an electric 


[510] 


"—— 


Transmitter 
. 7 Building 
cedi 


— carrier 
signals 


current. Another separates the picture sig- 
nal from the carrier signal. A third ampli- 
fies the picture signal. A funnel-shaped 
tube! produces a beam of electrons that 
sweeps over every part of a fluorescent re- 
ceiver screen. The intensity of this stream 
varies with the strength of the picture signal. 
It produces only one minute bright dot on 
1Called a Kinescope (kin’é skop). 


1Page 196, il. 
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the screen at a time. But this bright dot 
shifts over the screen at exactly the same 
speed and in exactly the same pattern as 


those of the sending beam. Also, it varies 
in brightness to correspond with the shadings 
of the picture. The dot of light travels many 
times too fast for our eyes to follow it. 
Hence the images on our retinas blend, and 


we see the picture that was televised. 


nd receiver. Why is the mosaic image 
built tall to increase the range 


?Page 497. 


mes 


B Wide World 


A is the part of a navigation chart that includes Nantucket, Massachusetts. The 

land areas are black; the water areas, white. B is a radar photograph of the same 

area. The bright spot in the center indicates the location of the plane from which 

the photograph is being taken. What do you think that the circle, barely indi- 
cated by white dots, is? 


The sound that accompanies the picture 
is changed in the receiver in the same way 
as that already explained in connection with 
radio receiving. 


RADAR - Radio waves are reflected from 
bodies much as are light waves and radiant 
heat waves. A radar beam is a narrow'beam 
of high-frequency radio waves. It is sent 
out from a transmitter at intervals of a 
few millionths of a second. It is made to 
sweep over all parts of a section of sky, 
water, or land. Some of the radio waves 
are reflected directly back to the sending 
point from every object that the beam 
strikes. They travel to and from an object 
half a mile away in about five millionths of a 
second. The returning beam traces a “‘pic- 


ture" of the locality that it scans, on a screen 
similar to a television screen. The objects 
in the scene are outlined in varying de- 
grees of lightness and darkness (illustration 
above). The distance and direction of an 
object from the plane, ship, or shore station 
that is sending and receiving the radar beam 
can be read directly from a dial. 

Radar penetrates darkness. Also, it re- 
veals solid objects through fog and clouds. 
It is therefore of great value in both air and 
water navigation. The altimeter mentioned 
on page 23 operates by radar. Radar has 
recently been employed to a limited extent 
in astronomy.! Also, it is being used in 
important ways by the Weather Bureau.’ 

lPage 514, "Applying Your Knowledge,” No. 4. 

?Pages 153, col. 2, and 155, col. 1. 


[512] 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 498-502. 1. Sounds 
are produced by objects that are Dodge un 

2. Sounds travel only through matter. 

3. A sound wave has the form of an ex- 
panding circle, part of which is denser and 
part less dense than the air ahead of it. 

4. Sound vibrations pass faster through 
water than through air or tron. 

5. When it thunders a mile away in 
winter, you hear the sound sooner than 
when it thunders a mile away in summer. 

6. The faster an object vibrates, the 
higher is the tone that it produces. 

7. Sounds can be told apart by their 
-22.., theirs Pee and their ..?... 

8. You would be Jess likely to hear an 
echo in your school auditorium than in one 
of your classrooms. 

Pages 502-504. 9. Sounds are received 
by our ..?.., but are interpreted by our 

? 

10. A shrill whistle is more likely to be 
heard by a child than by a cat and is more 
likely to be heard by an old man than by 
either a cat or a child. 

11. Vibrations too frequent to be heard 
are of more importance than those too slow 
to be heard. 

12. State four rules for the care of your 
ears. 

Pages 504-506. 13. The armature of a 
telegraph sounder is made of (1) brass; 
(2) iron; (3) many turns of copper wire; 
(4) glass; (5) some good insulating sub- 
stance. 

14. In a telegraph system the key serves 
as a switch that turns on and shuts off the 
current. 


16. The coils of the telegraph key become 
magnets when the key is pressed down. 

Pages 506-512. 17. Sound vibrations are 
recorded in making phonograph records. 

18. Ordinary phonograph records are mag- 
netized. 

19. What we really see when we look at a 
motion picture is a series of slightly different 
pictures. 

20. A photo-electric cell is used in re- 
cording the picture part of sound motion 
pictures. 

21. Trace a radio circuit from the trans- 
mitter of the broadcasting station to the 
person who hears the broadcast. 

29. Trace a television circuit from the 
sending station to the person who is enjoy- 
ing the “telecast.” 

23. Radar "pictures" are produced by 
reflected sound waves. 


SCIENTIFIC PRINCIPLES - 1. "Sound 
waves are transmitted only by matter. 

2. "In general, the denser the substance 
through which sound waves are traveling, 
the faster the waves travel and the louder is 
the sound that they produce. 

3. "The higher the temperature of the 
substance through which sound waves are 
traveling, the faster the waves travel. 

4. PThe faster a body vibrates, the higher 
is the pitch of the sound that it produces. 

5.PEnergy can be changed from one 
form to another. 

6.?When an electric current 
through a coil of wire, the coil becomes a 
magnet. 


flows 


SCIENTIFIC TERMS 


15. When one speaks into a telephone audible frequency nuality 
transmitter, the sound energy is changed to Tdiaphragm pitch vibration 
kinetic energy. echo wave 
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Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK - 1. A 
woman was answering a telephone call. 
Just as she put the receiver to her ear, she 
heard the whistle of a locomotive through the 
receiver. A moment later she heard the 
sound of the whistle with the other ear. 
What inference might you draw from this 
experience? 

2. Why is the word indicate used instead of 
prove, in connection with the experiments 
on page 499? 


CONSUMER SCIENCE - 1. What are some 
factors that you would consider if you were 
buying material for insulating a room 
against sound? 

2. Examine some of the claims made in 
advertisements for television sets. In what 
ways might the claims mislead you in pur- 
chasing a particular set? 

3, What factors should you consider in 
purchasing a table-model radio? 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. A sound wave spreads over more 
space, the farther it travels. Therefore less 
and less sound energy strikes the ear, the 
farther you move away from a sounding 
body. If you move twice as far away from 
a sounding body, the sound will not be half 
as loud as before, but one fourth as loud as 
before. Can you explain this statement? 

2. Can you explain why a large hall that 
echoes when empty often does not echo 
when filled with people? 

3. Can you explain why the lightning in 
the billowing clouds above Parícutin? pro- 
duced sharp reports, but not rumbling 
thunder? 

4. Radar signals have been sent to the 
moon and have been received back from it. 
The round trip was made by the beams in 


Page 203, il. ?Page 3, col. 2. 


2.6 seconds, or a one-way trip from the 
earth to the moon or from the moon to the 
earth in 1.3 seconds. How far away from 
the earth, therefore, do these radar signals 
show the moon to be? (Remember that 
radio waves, like all other forms of radiant 
energy, travel at the rate of 186,000 miles 
per second.) The distance thus determined 
by radar has been found to check with that 
previously determined from astronomical 
observations. 

5. Can you explain why a sound seems 
louder at night than during the day? 

6. Can you explain why a rough surface is 
more effective in reducing echoes than a 
smooth one? 


7. Whistles that make no sounds that we 
can hear are used for calling dogs. Explain. 

8. Whenever you know that a loud noise, 
such as the sound of a blast, is going to be 
made near you, you should open your 
mouth. Why? 

9. How many means of communication 
can you think of that man had before he 
learned how to use electric currents? 

10. If a phonograph record is run at high 
speed, the sounds not only are produced 
faster, but also have a higher pitch. Why? 


TOPICS FOR INDIVIDUAL STUDY .- 1. 
The radio system described on page 509 is 
for use with AM broadcasting and receiv- 
ing. AM means “amplitude modulation." 
This term means that the modulated carrier 
signal is changed in amplitude, but not in 
frequency. A newer type of radio broad- 
casting is FM, or "frequency modulation." 
In this type the frequency of the waves is 
changed, but not the amplitude. "What 
are the relative advantages of each system? 
Consult a physics text. If you are not cer- 
tain that you know the meaning of ampli- 
lude, consult a dictionary. 
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W. T. Smith, Rockingham, North Carolina, High School, from Black Star 


Why is it necessary for the musicians in an orchestra or band or the singers in a 
chorus to keep on the same key? 


2. Thousands of years ago there were 
few musical instruments. Early ones were 
whistles, drums that were merely logs or 
stumps pounded with clubs, and horns 
made of cows horns and large, curling 
sea shells. Prepare a special report on one 
of the following topics: "How the Human 
Voice Makes Sounds,” “The Three Classes 
of Instruments, namely, the Stringed In- 
struments, the Wind Instruments, and the 
Percussion Instruments,” “A Symphony 
Orchestra.” 


EXPERIMENT - What do the grooves ina 
phonograph record look like when magni- 
fied? With a hand lens, and under a strong 
light, examine the grooves of a phonograph 
disk. What do they look like? How do dif- 
ferent sections of grooves differ in appear 
ance? How would you locate a groove that, 


when the record was played, would produce 
a sound of high pitch? one of low pitch? 
Describe what you have observed. 


GROUP INVESTIGATION - To find out 
how much time is spent in listening to 
radio programs and watching television 
programs. Suggest that, for a week, the 
members of your science class keep a record 
of the amounts of time that they spend in 
listening to radio or watching television 
programs. Suggest that a committee elected 
by the class collect the records kept by all 
the class members. Suggest also that the 
committee post on the bulletin board the 
total amount of time and the average 
amount per member. If there is time avail- 
able, the committee might lead a discussion 
of whether or not the time spent thus in 
“effortless entertainment” was well spent. 
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© Bashford-Thompson, from International 
This bridge was made to vibrate by a strong wind. Finally the vibrations became 
so great that the bridge collapsed. A thin, crystal glass can be broken by playing 
exactly the right note continuously on a violin, Explain 
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TRANSPORTATION 
IN THE MODERN WORLD 


Boeing Airplane Company 


bes €———E RU 
Fulton's Clermont, America's first 
successful steamboat, 1807 


y 


A The first street-car, 
jn Chicago, 1883 New York City, 1832 


rst trolley car, 


The first low-cost car, 1901 Washington — New York, 1918 


Milestones of transportation. Probably one of the most important single inventions 
in the development of transportation was the wheel. Can you explain why this 


statement is true? 
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MOVING PEOPLE AND THEIR 
POSSESSIONS OVER THE EARTH 


1. What Are Some Important Ways in Which Energy Is Used 
in Modern Transportation? 


FROM VERY OLD TO VERY NEW - The 
earliest people on the earth engaged in 
transportation. But they used only their 
own energy for this purpose. They moved 
themselves from place to place. Also, they 
carried food, materials for their crude shel- 
ters, and other articles in their hands and 
on their backs. Their methods of transpor- 
tation were at first on the same level with 
those of the animals about them. 

Slowly, however, through many cen- 
turies, man improved his methods of trans- 
portation. He learned to use other sources 
of energy besides his own. He discovered 
new ways and invented new means of con- 
veying himself and other objects from place 
to place. But we still employ, and probably 
always shall, all the means of transportation 
that man has ever used (illustration, p. 518). 

Modern transportation, by land, water, 
and air, has been developed within the last 
century or so. Fast trains, automobiles, 
ships, and airplanes have been made possible 
mainly through the improvement of steam 
engines and the invention and development 
of internal-combustion engines. Important 
advances in transportation have followed 
also progress in the science of electricity. 
Further forward steps, more important than 


all the others, may become possible with the 
development of the science of atomic energy. 


EXTERNAL-COMBUSTION ENGINES 
The reciprocating steam engine. The 
two diagrams on page 520 illustrate how a 
reciprocating’ steam engine operates. Steam 
from the boiler? enters the steam chest. 
From the steam chest two passages lead to 
the cylinder. The position of the slide valve 
determines the passage through which the 
steam must go. Thus each of the passages 
serves a double purpose. It leads the steam 
alternately into and out of the cylinder as 
the valve shifts. 

The slide valve is moved to and fro by a 
rod connected to an eccentric. This type 
of eccentric is a wheel whose axle is not in 
the center. The eccentric changes the cir- 
cular motion of the flywheel to the back- 
and-forth motion of the slide valve. 

When the slide valve is as far to the left 
as it will go the steam enters the cylinder 
on the right side (illustration, A, p. 520). 
It forces the piston toward the left. The 


A reciprocating 


1Reciprocating (Të stp/ro kat Íng). 
oves back and 


steam engine is one whose piston mi 
forth. 

2Page 532, “Applying Your Knowledge,” No. 2. 
3Eccentric (Ék sén’trik). 
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Steam from boiler 
Steam chest 
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Exhaust 


Flywheel 


How a steam engine changes the energy of steam pressure to the energy 
of motion. What do you infer that an external-combustion engine is? 
an internal-combustion engine? 


moving piston pushes out, through the ex- 
haust, the used steam, which is on the left 
„side of it. A pipe carries this steam outside. 
By the time that the piston is as far to the 
left as it can go, the slide valve has shifted 
to the right (B). The steam then enters the 
cylinder at the left and pushes the piston to 
the right. The piston pushes the used steam 
out of the right side of the cylinder and 
through the exhaust. 

The piston and the driving rod are joined 
to make one rod (illustration above). This 
rod is connected to the flywheel, so that the 


horizontal motion of the piston is changed 
to the circular, or rotary,! motion of the fly- 
wheel. 

At the end of each piston stroke, the pis- 
ton must come to a complete stop before it 
can start in the opposite direction. Hence 
there is an instant when the flywheel is not 
receiving a push or a pull. If the flywheel 
were light, it would slow down at this point. 
But it is heavy and consequently has great 
inertia.” Its inertia keeps it moving smoothly 


‘Rotary (rō'tå rf): turning like a wheel. 
*Page 287, col. 1. 


[520] 


and steadily, not only while the slide valve 
is changing direction, but also whenever the 
steam pressure varies. 

The steam turbine. A steam turbine has 
alternate sets of moving blades and station- 
ary blades. All the sets of moving blades 
are attached to the same shaft (illustration, 
right). All the sets of stationary blades are 
attached to the casing that surrounds the 
turbine. The steam is directed against the 
first set of moving blades. It passes from 
these to a set of fixed blades. These direct 
the steam against the next set of moving 
blades, and so on. By the time that the 
steam has passed through the last set of 
moving blades, practically all its energy has 
been transformed into the energy of motion 
of the whirling shaft. 

The steam turbine is finding increasing 
use in power plants, ocean liners, and war 
vessels. It occupies less space than a re- 
ciprocating steam engine. It causes much 
less vibration. Also, at high speeds, it has 
much greater efficiency." 

The steam turbine has some disadvan- 
tages that limit its use. It cannot be re- 
versed, as a reciprocating engine can. Also, 
it is not efficient at low speeds. Chiefly for 
these reasons, reciprocating engines are still 
used instead of steam turbines in many 
locomotives and small steamers. Recipro- 
cating steam engines arc more suitable, also, 
for many purposes that require small 
amounts of power. Such purposes include 
logging and lumbering operations and 
pumping water. 


INTERNAL-COMBUSTION ENGINES : 
Early ‘thorseless carriages.” Probably 
many people take for granted that automo- 
biles have always been run by gasoline en- 


1Efficiency, in this sense, is measured by the amount 
of work that an engine does per pound of fuel. 


= i" 
‘Westinghouse Electric Corporation 


Fitting the rotating part of a steam turbine into 
half its case. Compare the steam turbine with the 
water turbine,! stating respects in which they 


are alike and in which they are different 


1Pages 80 and 81, il. 
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Yet there have been many types of 
*horseless carriages” that have been made 
to go by other means. In the seventeenth 
century one was invented that was propelled’ 
by a servant on a tread-mill. Later in the 


gines. 


2Propel (pro pel’): to drive or force something 


onward. 
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same century Newton! invented an auto- 
mobile that was run by what we should now 
recognize as a crude jet engine. Another 
early automobile was propelled by springs, 
wound up like clock springs. 

None of these pioneer efforts, however, 
was successful. But some others were. Dur- 
ing the eighteenth century in England, 
stage-coaches powered by steam engines 
operated on regular schedules. Moreover, 
there have been successful steam automo- 
biles in this century. Recently, for example, 
a Stanley Steamer, more than forty years 
old, was run in a race from Detroit to 
Cleveland against an equally old automo- 
bile powered with a gasoline engine. The 
Stanley won. Thirty years ago, too, electri- 
cally driven automobiles were not uncom- 
mon. Now, however, all automobiles are 
powered by internal-combustion engines. 


Sir Isaac (izák) Newton (nü'&n): noted English 
scientist; lived, 1642-1727. 


E 


The gasoline engine. The diagram on 
this page shows how a four-stroke gasoline 
engine operates. The gasoline is changed 
to vapor in a carburetor.” As you can infer 
from the diagram, a carburetor operates like 
an atomizer.? In the carburetor the gasoline 
vapor is mixed with the right amount of air 
to ensure complete combustion. Thus the 
air and the gasoline together make a power- 
ful explosive mixture? (illustration below). 

The intake stroke of the piston creates a 
partial vacuum in the cylinder. Therefore 
the greater air pressure outside forces air 
through the carburetor and thus forces the 
explosive mixture into the cylinder. This 
mixture is compressed on the compression 
stroke. But just before the piston reaches 
the top of this stroke, the mixture is ignited 
by a spark from the spark plug. A great 


volume of hot gases is thus produced. The 


*Carburetor (kar’ba rà tër). 
‘Page 42; il. 4Page 282, col. 2. 


A four-stroke gasoline engine. How many times must the piston move up and down 

for every power stroke delivered? Most airplane engines are air-cooled, but some are 

water-cooled. Can you think of some advantages and some disadvantages of each of 
these cooling methods? 


Intake valve open Exhaust 


valve open 


Both valves closed Both valves closed 


Gasoline 
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valve closed 


Water 
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dioxide, 
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l. Intake stroke 4. Exhaust stroke 


2. Compression stroke 3. Power stroke 
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energy of these expanding hot gases forces 
the piston strongly downward in the power 
stroke. The energy thus given to the piston 
is transmitted to the crank-shaft of theengine. 
On the exhaust stroke the piston forces the 
waste gases out. Then the four-stroke cycle 
begins again as the piston starts downward. 
The diesel engine. A diesel engine oper- 
ates in much the same way as a gasoline 
engine. It has, however, neither a carbu- 
retor nor spark plugs. In a diesel engine 
air alone enters the cylinders on the intake 
stroke. As the piston moves upward, on the 
compression stroke, the air is compressed to 
about one sixteenth of its former volume. 
Under such great compression, the tempera- 
ture of the air rises to nearly 1000? F.! At 
about the top of the compression stroke, 
fuel oil is sprayed into the intensely hot air 
above the pistons. The oil instantly ignites 
and produces great quantities of gas. The 
pressure of this confined gas forces the 
pistons down, as in a gasoline engine. 
*Diesel engines have some important ad- 
vantages over gasoline engines: They burn 
fuel oil, which is cheaper than gasoline. 
Also, they are more efficient) On the other 
hand, because of the great compression in the 
cylinders, the cylinder walls must be made 


thick. Consequently diesel engines are too 
ger automobiles. 


heavy for use in passen 

*Diesel engines are rapidly replacing 
coal-burning and oil-burning engines in 
Diesels do not, however, drive 


locomotives. 
iprocating 


the locomotives directly, as a reci 
engine does. Instead they run electric gen- 
'The current produced by these 
is made to run electric motors 
o the drive wheels of the 


erators. 
generators 
that are attached t 


locomotives.? 
In some of the new locomotives gas tur- 


bines are used instead of diesel engines. 
lPage 90.  *Page 521, ftnt. 1. Page 342, il. 
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A rocket just before it shot upward toa height of 
68 miles. It carried instruments for recording 


the weather conditions in the upper atmosphere. 
What factors determined how far it could rise? 


These turbines operate in the same way as 


steam turbines. They run the generators 


that supply the current to the motors. 


Rocket engines and jet engines. Jet 


propulsion" is an application of this impor- 


4Propulsion (pro pül'shün): act of propelling. 
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tant principle: PFor every action there is an 
opposite and equal reaction. This state- 
ment means that if a force is exerted in one 
direction, an exactly equal force is exerted 
in the opposite direction. To illustrate this 
principle, when you dive from a spring- 
board, the force that sends you upward (the 
action) is equal to the force that thrusts the 
springboard downward (the reaction). To 
illustrate the principle again, if a hose is 
lying on the ground when the water is 
turned on, as the water streams out of it 
(the action) the nozzle is forced backward 
(the reaction). With either a jet engine or 
a rocket, the gases from the burning fuel 
stream out of the rear end (the action). The 
plane or the rocket is forced forward (the 


reaction). In all such cases the action and 
the reaction are equal forces acting in op- 
posite directions. 

A rocket engine carries all the oxygen 
needed for the complete combustion of its 
fuel. Such an engine is therefore inde- 
pendent of the air. Hence it can be used at 
any altitude or even beyond the atmosphere 
(illustration, p. 523). In contrast, a jet 
engine must take in its supply of oxygen 
from the air around it. If ever people travel 
through space, it will probably be insome 
type of rocket plane. 

Several types of jet engines are used in 
airplanes.’ In each, gas is produced in great 
quantities by the combustion of kerosene or 
some other liquid fuel. 


2. What Are Some Important Factors in Transportation 
by Land, Water, and Air? 


STABILITY - In the race between the two 
ancient automobiles, the highest speed at- 
tained by either car was about 25 miles per 
hour. But suppose that such cars could be 
equipped with modern automobile engines. 
How fast would they be able to go then? 
Probably not much faster, with safety, than 
they traveled before. If nothing else should 
happen to them, they would probably over- 
turn on the first sharp curve. They were 
much more top-heavy than modern auto- 
mobiles. 

This last statement is another way of say- 
ing that the old cars were less stable than 
modern ones. A body is stable, or has 
stability,’ if it tends to remain upright, or if 
it tends to return to its former position when 
it is tilted. 

The bodies of the early cars were high as 
compared with the bodies of modern ones. 

1Page 522, col. 1. Stability (sta bYl/t tt). 


Therefore their centers of gravity were 
higher than those of today's cars.! Also, the 
early cars were shorter and narrower than 
cars are now. Hence they had smaller 
bases. For these two reasons, namely, that 
the centers of gravity of the early automo- 
biles were higher and the bases? of these cars 
smaller than those of modern cars, the early 
ones were less stable. These statements illus- 
trate two principles that are important in 
transportation: "The lower the center of 
gravity of a body, the greater is its stability. 
The bigger the base of a body, the greater 
is its stability. 


STABILITY In land transportation. 
"The stability of automobiles, trains, motor- 
cycles, and other means of land transporta- 

‘Page 208, il. 

‘The center of gravity of a body is the point where 


the weight of the body seems to be centered. 
5Page 533, No. 10. 
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A racing yacht usually carrie: 


below the bottom of the yacht, with a heavy, 


s ballast and also has a fin (a sheet of metal) extending 


WI 


E. I. du Pont de Nemours and Company 


cigar-shaped lead cylinder attached to the 


bottom of the fin. How does this keel keep the yacht from overturning in the wind? 


tion can be increased by improving the way 
in which many of the roads are built. Well- 
built highways are banked on the curves. 
So is every railroad track. The outside of 
the turn is made higher than the inside. 
This is done to reduce the danger of over- 
turning or of automobiles’ skidding as a 
result of centrifugal force,’ when the auto- 
mobiles or trains round the curves at high 
speeds. 

In water transportation. Perhaps you 
have seen a birling contest or 2 motion pic- 
ture of one. Itisa popular and highly skill- 

iPage 287. 


ful sport in logging communities. Two men 
stand on the same small floating log. Then 
they make it birl, or spin, with their feet as 
rapidly as they can, to see which can remain 
on the log the longer. Finally one loses his 
balance and falls into the water. 

The log and the two men standing on it 
would make a top-heavy, or unstable, com- 
bination even if the log were not birling. 
The center of gravity of the combination is 
high and the base small. 

Boats would be top-heavy, too, especially 
sailing boats, if their cargoes were stowed 
above the water line (illustration above). 
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Essential parts of an airplane. Can you state the function of each of the labeled parts? 


The wind and the waves would soon cap- 
Size them if their centers of gravity were 
high. Often rocks and bags of sand are put 
into their holds to lower their centers of 
gravity. Barges and flat-bottomed boats are 
less “tippy,” or more stable, than round- 
bottomed ones. Why? Because they have 
broader bases and because their centers of 
gravity are lower. 

In air transportation. The illustration 
on this page shows the important structures 
of an airplane. In the type of airplane illus- 
trated, the center of gravity is below a spot 
between the wings. The stabilizers! keep 
the plane on an even keel. Also, they pre- 
vent the plane from overturning easily. The 
fin increases the plane’s stability when the 
plane is struck by gusts from the side. The 
ailerons? enable the plane to be banked, or 
tilted as it turns. Banking is a safeguard 
against skidding.’ 

'Weabilizer (stà'bt liz čr). 


*Aileron (a'lér ön). *Page 287, col. 2. 


FRICTION - Successful transportation de- 
pends on providing enough friction where it 
is needed, and on reducing friction where it 
is not needed. Various ways of accomplish- 
ing these purposes have already been de- 
scribed.* Streamlining, however, remains 
to be discussed. 

“Streamlining is a fairly modern term. It 
is applied to all the ways in which air or 
water is made to slip easily over the sur- 
faces of moving automobiles, airplanes, or 
boats. The early automobiles and the early 
airplanes were not streamlined. They did 
not go fast enough to make the air friction 
important. In contrast, boats have been 
partly streamlined for thousands of years. 
Long ago people learned that the friction of 
even slow-moving bodies through water is 
great. In time they discovered two ways of 
reducing the friction of their boats: They 
made the hulls smooth instead of leaving 
them rough. They substituted curves for 

‘Pages 295 and 296. 
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sharp angles in shaping the hulls. Boat- 
builders did not, however, streamline the 
parts of their boats above water until fast 
ocean traffic developed. 

Birds, insects, and fish have streamlined 
bodies. Their bodies are rounded, smooth, 
and without parts that project in ways that 
would cause great air or water resistance. 
Scientists have experimented with bodies 
shaped more or less like these animals’ 
bodies, to find what shapes provide the best 
streamlining. The results of these experi- 
ments are now applied in designing cars, 
boats, and planes. 

No means has yet been found of stream- 
lining the bottoms of cars. But streamlining 
car bodies has been found to provide other 
advantages besides reducing air resistance. 
A rounded car body can be made stronger 
than a box-shaped one. Also, it provides 
more space for passengers and luggage. 


BUOYANCY Everybody knows that 
wooden boats will float in water and that 
gas-filled balloons will float in air. People 
take such phenomena for granted. Yet not 
many know why the boats and balloons are 
able to float. Fewer people understand why 
steel ships can float. Perhaps still fewer 
understand how airplanes can get off the 
ground and remain in the air. 

Why rocks sink. The pressure of water 
against the top of a submerged! object tends 
to push the object downward. Likewise, 
the pressure against its bottom tends to push 
it upward. The upward pressure is greater 
than the downward pressure because the 
bottom of the object is deeper in the water 
than the top.” 

*The difference between the upward push 
and the downward push of the water upon 


1Submerge (stib mûrj'): to put under water or to be 
completely under water. ?Page 77. 
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submerged objects is the water's buoyant? 
force, or buoyancy.* 

*An object under water is always lighter 
than it is when out of water because of the 
buoyant force of the water. 

*A submerged object displaces’ its own 
volume of water. It is as many pounds 
lighter under water than it is in air as the 
number of pounds that the displaced water 
weighs (illustration below). To illustrate, 

3Buoyant (boi ánt). ‘Buoyancy (boi &n st). 

5Page 109, ftnt. 4. 

‘This statement is an aspect of Archimedes! prin- 
ciple, which is the sixth principle on page 532. The 
story of how Archimedes discovered it would be an 
interesting "Topic for Individual Study to be re- 
ported in your class or your science club. 


Does the weight weigh more now than it will 
after it has been submerged? Explain. Check 
your answer by performing this experiment. 
How would the results differ from these if you 
used a cork in the place of the weight? 


—-— 


The volume of water that a boat displaces must weigh exactly as much as the weight 

of the boat and everything in it. The iron bar which the boy has just thrown out for 

an anchor weighs about 30 pounds. But it will displace only about 4 pounds of water. 
"Therefore, when submerged, the bar anchor will weigh about how many pounds? 


you may have found that you can lift a 
heavy stone more easily when it is under 
water than when it is on a river-bank. This 
is the reason why you can: A common stone 
weighs about four times as much as a body 
of water of the same size and shape. There- 
fore, when submerged, a 4-pound stone dis- 
places its own volume of water, and this 
volume weighs 1 pound. Hence, when un- 
der water, the stone weighs only 3 pounds. 
In other words, the 4-pound stone is 1 pound 
lighter in water than in air. Nevertheless, 


it would sink because it weighs 3 pounds 
more than the water that it displaces. 

Why boats float. Boats float because of 
the buoyant force of the water. When a 
boat is launched, it settles into the water 
until the total upward push of the water 
against its bottom equals its total weight.! 

*It is always true that "the weight of a 
boat or other floating object equals the 
weight of the water that it displaces. This 
statement means that if all the water that a 

Page 527. 
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boat displaces could be collected and 
weighed, this water would weigh exactly as 
much as the boat and everything on it and 
in it (illustration, p. 528). 

*A steel ship can float because it is not a 
solid mass of steel. Instead it has abundant 
air spaces inside its hull. Thus it settles only 
to the depth at which it displaces its own 
weight. At this depth the upward pressure 
of the water on the boat's bottom exactly 
equals the downward pressure of the boat. 
Also, at this depth the boat's decks are still 
well above the water. If, however, the ship 
should strike a submerged rock and fill with 
water, it would sink. The buoyant force of 
the water would not then be great enough 
to equal the weight of the ship plus the 
weight of the water inside it. In other 
words, the ship would then weigh more than 
the volume of the water that it would dis- 
place. ! 

Why lighter-than-air vessels float in air. 
A balloon or a blimp tends to float upward 
for the same reason that a bubble rises to the 

‘Paragraph on page 77, beginning «A column of 
water 1 foot deep . . -” 


How would you ex 


plain this illustration to a boy or 
who has not studied science? 


surface of water. The inflated? gas bag dis- 
places a volume of air that weighs more than 
the entire blimp with all that it carries. A 
blimp would continue to rise like a balloon 
if it did not have an engine and steering 
apparatus with which its movement could 
be controlled. 


HOW HEAVIER-THAN-AIR MACHINES 
CAN LEAVE THE GROUND AND REMAIN 
ALOFT - Airplanes can fly only against 
strong winds. They cannot, of course, de- 
pend on natural winds. They must make 
their own winds. They do so in this way: 

As an airplane is pulled forward by each 
propeller? or is pushed forward by jet pro- 
pulsion, its wings! are forced through the 
air. They are so shaped that, as they cut 
through the air, the air pressure against 
their upper surfaces is greatly decreased 
(illustration below). The faster the plane 
goes, the greater is the difference between 

2Page 22, col. 1. 3Page 517, il. 

‘The wings, rudder, propeller, and other plane 


structures that are designed to secure certain effects 
from air action against their surfaces are called air- 


foils (ér’foilz). 


girl of your own age 


Upward force 
of air 
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A helicopter about to pick up surveyors who have been laying out the route of a 


NN 
International 


railroad to the newly discovered iron-ore deposits in northern Quebec. Why could 
neither an airplane nor an automobile be used here instead of a helicopter? 


the pressure against the bottoms of the 
wings and that against the tops. This dif- 
ference makes up most of the lifting force. 
Part is provided also by the elevators. 
When the lifüng force becomes greater 
than the plane's weight, the plane is pushed 
upward into the air. When the lifting 
force becomes less than the plane's weight, 
the plane tends to descend. 

Most airplanes must run a considerable 
distance at increasing speed before they can 
rise. Some of the late models, however, are 
helped into the air by jet or rocket engines. 
Jet planes and rockets do not need to create 
a wind to lift them off the ground and keep 
them aloft. Hence they can rise at a sharp 
angle. 


Page 533, “Topics for Individual Study,” No. 2. 


Page 488, col. 1. 


The helicopter. There are various types 
of helicopters? just as there are of air- 
planes. 

Helicopters are slow as compared with 
airplanes. But they can rise or descend 
vertically. Also, they can move sideways 
in any direction and can remain almost 
stationary in the air. They therefore have 
some unique advantages over all other air- 
craft. They can take people or supplies 
from spots on mountains, in jungles, and on 
oceans that could be reached by no other 
means of transportation (illustration above). 


SCIENCE MARCHES ON - "Today's won- 
ders are tomorrow's commonplaces" (illus- 


"Helicopter (h&l'Y kóp'tér). e 
*Page 533, “Applying Your Knowledge of Science, 
No. 9. 
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tration, p. 533). Already there are planes 
that fly automatically. They take off, go 
thousands of miles, and land safely with no 
person aboard. But they are not yet per- 
fected to the point where they can safely be 
used for carrying passengers. We already 
have automobiles that practically “drive 
themselves." Encouraging results of experi- 


ments indicate that there may soon be jet- 
propelled automobiles, motorcycles, and 
boats. There are promising indications that 
atomic energy may soon be controlled for 
transportation, as well as for many other 
uses. Perhaps some of these milestones of 
science may even have been reached by the 
time that this book is published. 


Checking What You Know 


PRE-TEST OR POST-TEST - (Do not write 
in this book.) Pages 519-524. 1. State the 
function of each of the following parts of an 
external-combustion engine: boiler; slide 
valve; driving rod; eccentric; flywheel; 
exhaust. 

2. The type of engine in which steam 
causes a shaft to whirl is the (1) tur- 
bine; (2) rocket engine; (3) reciprocating 
steam engine; (4) gasoline engine; (5) jet 
engine. 

3. A type of external-combustion engine 
is the (1) gasoline engine; (2) jet engine; 
(3) rocket engine; (4) steam engine; 
diesel engine. 

4. An engine in which the fuel is ignited 
by heat produced by the compression of air 
in its cylinders is the __?__ engine. 

5. The only kind of engine thus far in- 
vented that could ever be made to drive 
a plane beyond the earth’s atmosphere is 
the (1) jet; (2) rocket; (3) gasoline; 
(4) steam-turbine; (5) reciprocating steam 
engine. 

Pages 524-531. 6. Your stability is less 
when you lie down than when you stand, 
because your center of gravity is higher. 

7. A table lamp with a large base is less 
likely to be overturned than one with a 
small base. 

1Page 533, “Topics for Individual Study,” No. 1. 


8. Owing to friction, an automobile is 
more likely to overturn when it is going fast 
around a sharp turn than when it is going 
just as fast on a straight road. 

9. State two reasons why a raft or a 
barge is less likely to tip over than a canoe. 

10, Three structures that help to main- 
tain the stability of an airplane are the 
epithe antes and the --?--- 


11. Streamlining is one way of reducing 

12. A stone will seem heavier before you 
lift it out of the water than after. 

13. A floating ship displaces a body of 
water that weighs somewhat less than it does. 

14. A rising balloon displaces somewhat 
less than its own weight of air. 

15. A helicopter (1) requires a fairly 
large landing field; (2) is faster than an 
ordinary airplane; (3) is not much slower 
than a jet plane; (4) can move in any 
direction; (5) has no wings; (6) flies with- 
out an engine. 


SCIENTIFIC PRINCIPLES : 1. "Energy can 
be changed from one form to another. 

2. PAir and other gases flow from points 
of greater pressure to points of lesser pres- 
sure. 

3.PFor every action there is an equal 


and opposite reaction. 
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4. "The larger the base of a body, the 
more stable it is. 

5. "The lower the center of gravity of a 
body, the more stable it is. 

6."A floating body displaces its weight 
of water. 

7. "A submerged body is as much lighter 
than it was before being submerged as the 
weight of the water that it displaces. 


SCIENTIFIC TERMS 


Tbuoyancy 
external-combustion engine 
internal-combustion engine 
reciprooating steam engine 
stability 
streamlining 
transportation 
turbine 


Applying and Extending What You Know 


AS SCIENTISTS WORK AND THINK .- 
1. People learned to use water for trans- 
portation many thousand years ago. Pos- 
sibly somebody learned by chance how to 
travel on the water, in some such way as 
this: He stepped on a floating log, intend- 
ing to walk across it far enough so that he 
could jump upon the opposite bank of a 
stream. The log rolled, and the person 
tumbled into the water. Then he climbed 
back upon the log. But this time he sat on 
it, with a leg on each side. Of course the 
log sank more deeply into the water with his 
weight. But it did not roll enough to throw 
him off again. Then the log floated off 
with the current, transporting its passenger 
to a point farther down-stream. Can you 
state why the preceding statements make 
up neither a theory nor a hypothesis? 

2. Which of the scientific attitudes is or 


are related to the statement'' Science marches 
339 
on”? 


CONSUMER SCIENCE - 1. If you were 
planning to purchase a ticket to a distant 
city, what factors would you consider in 
deciding whether to travel by train, air- 
plane, or bus? 

2. What are some safety rules to be fol- 
lowed by a passenger in a train? in an air- 
plane? 

3. In what ways has the great increase in 


the use of diesel locomotives benefited you 
as a consumer? 


4. What are some ways in which to drive 
your car so as to be economical of gas and 
oil? n 


APPLYING YOUR KNOWLEDGE OF SCI- 
ENCE - 1. Is swimming a form of transpor- 
tation? Explain. 


2. The boiler of a modern steam engine is 
equipped with a continuous system of tubes 
filled with water. The hot gases from the 
combustion of the fuel pass over and 
around these tubes. Such a boiler preduces 
steam faster than would one that had the 
water in one body, like a tea-kettle. Ex- 
plain. 

3. Why is it dangerous to stand in a 
rowboat or a canoe? 

4. Why is the true weight of an object 
found by weighing it in a vacuum rather 
than in air? 

5. Can you explain how the driving rod 
of a reciprocating engine turns the flywheel 
like a windlass?! 

6. Can you explain why a turbine can 
be run at greater speeds than a reciprocating 
engine? 

7. Why would it be impossible for you 
to ride a bicycle if you could not turn the 

*Pages 307 and 311, ils. 
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Painting by Leutze, The Metropolitan Museum of Art 


Crossing the Delaware then and now. 


front wheel? Which of the principles stated 
on pages 531—532 is illustrated by turning 
the front wheel of a bicycle enough to re- 
main upright while riding? 

8. Extending your hands together in 
front of your body when diving is an example 
of streamlining. Explain. 

9. Helicopters can rise from the ground 
and remain in the air because their whirling, 
fan-like wings blow a strong; vertical air 
current downward. Can you explain how 
this statement illustrates the principle "For 
every action there is an opposite and equal 
reaction? 

10. The base of an automobile is the ob- 
long on the ground that has the four wheels 
at its corners. How is the base of an auto- 
mobile similar to that of a chair or a sofa? 

11. Can you give some reasons why steam- 
driven automobiles have proved less satis- 
factory than gasoline-driven ones? 


Fifty thousand vehicles per day pass between 
New Jersey and Delaware on this bridge. In what ways is this means of transporta- 
tion an improvement over ferries? 


of wood weighing 1 pound is 


Delaware State Development Department 


12. A block 
dropped into water. The block sinks until 
it is half submerged. How much does the 
floating block weigh now? How do you ex- 
plain your results? 


TOPICS FOR INDIVIDUAL STUDY - 1. 
Planes that can be flown with nobody 
aboard them are known as robot planes. Is 
this a suitable name for them? Consult a 
dictionary to find the meaning of robot. 


2. Gliders are much like airplanes except 
that they have no engines. They are towed 
into the air behind automobiles or air- 
planes. When they are traveling at con- 
siderable speed, they are set free. Sometimes 
they can remain in the air for several hours 
and can travel many miles by the pilots’ 
skillfully taking advantage of favorable air 
currents. In textbooks of physics find addi- 
tional facts about gliders. 
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ELEMENTS OF SCIENTIFIC METHOD 


In solving your own everyday problems, you can use the same method 
by which scientists solve their problems. Often you can solve a problem 
without using all the elements, or steps, that follow: 


1. Scientific method starts with a problem, or question—something 
that you wonder about or would like to “find out about.” 


2. Decide exactly what that question, or problem, is and state it 
clearly. 


3. Marshal your facts. Think of all the facts you can that might sug- 
gest an answer or that might otherwise relate to the problem. 


4. Think of as many possible answers to the problem—that is, answers 
that fit all the facts—as you can. Scientists call this step “making 
hypotheses.” 


5. Select from these possible answers, or hypotheses, the one that seems 
to you most likely to be the right one. 


6. Carefully plan an experiment or a series of observations to find out 
whether the answer that you have selected is really the right one. Often 
the plan of an experiment will need to include a “control.” The experi- 
ment without the control and the same experiment with the control in- 
cluded must be exactly alike except for just one part. That part is the 
“experimental factor.”! By introducing a control you can be more nearly 
certain that the results of your experiment are due to the experimental 
factor. 


7. Carry out the experiment or the observations with great care ac- 
cording to your plan. 


8. Go over in your mind all that you have done, in order to discover 
possible defects, or errors. This step is called "evaluating? the procedures.” 


9. Perform the entire experiment again or an improved one or a new 
one, or repeat your observations, to find out whether you get the same 
results a second time. This second trial is called a "check experiment."! 


10. Draw an inference,! or a conclusion, that seems to be the most 
reasonable and sensible answer to your original question. 


11. Use what you have thus learned, whenever you can, in solving 
future problems. 


!Consult the Glossary for the meaning of such a term. 

*Evaluate (€ vAl'ü at): to determine the true value. 

*Procedure (pro se'jér): A way of carrying out a plan of action. In this case the pro- 
cedures are the steps of the experiment that you have planned. 
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SCIENTIFIC ATTITUDES 


Below are the scientific attitudes. These attitudes are valuable not only | 
in the study of science, but in all our daily living. Hence not only scien- 
tists, but everybody else as well, should strive to possess them. 


1. An attitude of lively curiosity about the world in which we live. 

2. The belief that truth itself never changes, but that our ideas of 
what is true are likely to change as our knowledge becomes more exact 
and complete. 


3. The firm belief that nothing, no matter how strange and mysterious, 
ever happens or could happen without a cause. 


4. The intention not to believe in any superstitions. 


5. The intention to accept no statements as facts unless they are sup- 
ported by sufficient proof. 

6. The intention to make and carry through complete and careful 
plans for solving our problems, and not to try to solve them in careless or 
hasty ways. 

7. The intention always to make our observations carefully and 
accurately. 

8. The intention to seck evidence as long as may be necessary in order 
to find a true answer to à problem. In other words, this is the intention 
never to jump to a conclusion or to base a conclusion upon one or a few 
observations. 

9. A strong wish to gather our own facts by experimenting and ob- 
serving, if we can. But we should be willing to use, also, the results and 
facts obtained by others. 

10. The intention always to chang! 
evidence shows it to be wrong. 

11. The intention to weigh all the evidence. We must try to decide 
whether the evidence really relates to the matter that is being considered, 
whether it is sound and sensible, and whether it is complete enough to 
justify an inference, or à conclusion. 
on to face facts, no matter how unpleasant they may be. 


e an opinion or à conclusion if later 


12. The intenti 
13. The intention to respect other people's ideas, opinions, and ways of 


life that are different from our own. 


14. The intention not to allow our judgments to be influenced by our 


likes and dislikes. 
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Tho Trane Company 


For how many units of this book do you think that this picture could be made 
to serve as a suitable illustration? Which units? Explain 
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In "This Book and You" is a section 
(pp. xi and xii) that suggests ways of in- 
creasing your scientific vocabulary. The 
final paragraph of this section, “Use the 
Glossary often," on page xii, explains the 
nature of this Glossary and tells how best 
to use it. "Essential" scientific terms are 
starred (*), and "important" terms are 
indicated with a dagger (T) 

Many terms that are used in this book 
could not be included in this Glossary be- 
cause of limited space. In the Index, how- 
ever, you will find references to the pages 
on which many of them are defined or ex- 
plained. Each of these terms is followed 
in the Index by def. and the number of the 
page on which the definition will be 
found; as, “Acid, def., 95. 

“This Book and You" mentions, on page 
xii, a review of some common rules for word- 
building. Here are the rules: 


At the beginning of a word, un-, dis, 
non-, OT in-, OY sometimes îM-, gives the word 
a meaning opposite from that which it 
would have without the syllable. Examples 
are “unscientific” (“not scientific"), sedis- 
similar” (“not similar”), *tnon-conductor" 
(“not a conductor"), "jnaccurate" (“not 
accurate"), and immovable” (“not mov- 
able”). i 

-less gives the meaning "without," as 1n 
“noiseless”? (“without noise"). 

-mis gives the meaning "wrong" of 
“wrongly,” as in “misconduct” (“wrong 
conduct”) or “misunderstan » (“under- 
stand wrongly”). à ; 

At the end of a word, -able or -ible pve 
the meaning “able to be” or “fit to þe,” as 


E E eee 


in “visible” (“able to be seen”) or “drink- 
able” (“fit to be drunk,” or “fit to drink”). 

-al gives the meaning “belonging to,” 
“like,” or “pertaining to,” as in “sectional” 
(“belonging to a section”), “spherical” 
(“like a sphere”), or “chemical” (“pertain- 
ing to chemistry"). 

-en gives the meaning "made of" or 
“make,” as in “wooden” (“made of wood") 
or “sweeten” (“make sweet"). 

-er gives the meaning "more," as in 
“sweeter” (“more sweet”); also, -er gives 
the meaning “one who” or “that which,” 
as in “builder” (“one who builds"). 

-est gives the meaning “most,” as in 
*sweetest? (“most sweet"). 

-ful gives the meaning "full" as in 
“beautiful” (“full of beauty"). 

-ic gives the meaning “having to do with,” 


as in *tmicroscopic? (“having to do with a 


microscope"). 

-ion gives the meaning “act of,” "process 
of”? or "state, OT condition, of," as in 
“decision” (“act of deciding"), “digestion” 
(“process of digesting”), Or “illumination” 
(“‘state, or condition, of being illuminated”). 

-ish gives the meaning “somewhat,” as 
in “yellowish” (“somewhat yellow”). 

-ist gives the meaning “one who works 
with," as in *scientisz? (“one who works 
with science"). 

-ive gives the meaning "having the nature 
or quality of” or “having to do with” as in 
“digestive” (“having to do with digestion ) 
or "defensive" (“having to do with, or hav- 
ing the nature of, defense"). ded ag ende 

-y gives the meaning “like” or having,” 
as in “woody” (“like wood”) or “bony 


(“having bones? or "like bone"). 
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The sounds represented by the various 
symbols used in pronouncing the terms are 
indicated by the following words: Ale, &dd, 
ärm, ask, sofa, eve, End, makér, ice, Yll, old, 
Órb, Odd, cübe, ürge, tip, food, foot, ou 
as in out. 


-_eoooOooo 


acid (ás'id): a substance, such as vinegar or 
lemon juice, that usually has a sour taste and 
that turns blue litmus paper red (p. 25). 

adapt (å dapt’): to fit, or adjust, successfully 
to some condition or situation (p. 84). 

adaptation (Ad 4p tà/shün): a successful 
adjustment to the conditions of the environ- 
ment, or habitat (p. 403). 

adhesion (Ad h&'zhün): the sticking to- 
gether of two substances of different kinds, or 
the attraction of molecules of one kind for the 
molecules of another kind (p. 288). 

“air: the mixture of gases and dust that sur- 
rounds the solid earth and extends above it for 
about a thousand miles (p. 35). 

air mass: a grcat moving mass of relatively 
warm or cold air (p. 150). 

airfoils (ér/foilz): the wings, rudder, propel- 
ler, and other plane structures that are designed 
to secure certain effects from the action of the 
air against their surfaces (p. 529), 

Talga (al’ga); plural, algae (Al'j@): a simple 
green plant that belongs to the great group of 
simplest plants (p. 52). 

jalimentary (ălï m&n’té ri) canal: the di- 
gestive tube of an animal, in which food is 
digested and is absorbed into the body as it 
passes through (p. 425), 

allergy (4l’ér ji): a diseased condition caused 
by certain foods, pollens, or other substances 
(pp. 25, 444). 

"alloy (å loi’): a uniform mixture made by 
melting together two or more elements of which 
at least one is a metal; as, melting together 
copper and zinc to make brass (p. 272). 

"alternating (6l’tér nat ing) current, or a-c: 
an electric current that reverses its direction 
through the circuit many times per second 
(p. 340). 

altimeter (äl tim’é tér): an instrument that 
measures altitude, or vertical height above sea 
level (p. 23). 


‘altitude (Alt tid): height above sea level, 
or above the level of the ocean surface (p. 18). 

amperage (im'pér fj): the strength of electric 
current, measured in amperes, that flows 
through a circuit (p. 342). 

Tampere (4m’‘pér): the unit in which the 
flow of electricity, or electric current, is measured 
(p. 334). 

amphibian (äm fib’! án): a member of the 
group of vertebrates that includes the frogs, 
toads, and salamanders (p. 393). 

aneroid (4n’ér oid): a barometer, made of 
metal, that measures the atmospheric pressure 
by indicating how far it forces down the top of 
a metal box containing a partial vacuum (p. 23). 

"antibiotic (ăn tY bi St’tk): a substance that 
is given off by bacteria, molds, or other fungi 
and that will prevent the growth and reproduc- 
tion of certain other bacteria or other fungi 
(p. 450). 

antibody (4n’ti bódY): one of several kinds 
of chemical substances made by the body cells, 
each of which helps the body to resist the attacks 
of some particular kind of disease germ (p. 448). 

janti-cyclone (&n’ti si/kln), or high: a 
great mass of air at high barometric pressure, 
which rotates in a clockwise direction as it 
slowly moves generally eastward across the 
country (p. 152). 

Tantiseptic (ăn ti stp'tik), germicide (jür"- 
mi sid), or disinfectant (dis ïn fék’t&nt): a sub- 
stance that kills disease germs or prevents their 
growth (p. 54). 

"apparatus (áp å rà'tüs): all equipment and 
materials used in performing an experiment 
(p. 44). . 

appliance (àpli'áns): a machine, an in- 
strument, an implement, or a device (p. 38). 

argon (ár'gón): the one of the rare gases that 
makes up about 1 per cent of the air (p. 24). 

armature (ür'máchóór): in most electric 
generators or motors, the arrangement of coils 
that rotates between the poles of the field 
magnets (p. 341); in an electric bell, the part 
that vibrates against the gong (p. 354, il.). 

"artery (ür'térY): one of the blood vessels 
that make up the system through which the 
blood flows away from the heart to all parts of 
the body (p. 426). 

arthropod (ar’thr6 pód): an animal, such as 
an insect, a crab, or a spider, with a jointed 
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————— 


body that has a hard, protective structure, or 
skeleton, completely covering the outside of its 
body (p. 387). 

artificial (är ti fish’al) element (&l'e mënt): 
an element, not found in nature, that is made 
by bombarding natural elements with atomic 
particles (p. 302). 

*assimilation (à sim {la’shtin): the process 
by which the protoplasm of living cells builds 
new protoplasm out of digested food (p. 429). 

tasteroid (As'tér oid), or planetoid (plàn"- 
&toid): one of the small, planet-like bodies that 
revolve around the sun, in orbits between those 
of Mars and Jupiter (p. 213). 

astrology (As trül'ojf): the pseudo science, 
or false science, based on the claim that the 
positions of the stars can be used for predicting 
the future (p. 246). 

astronomer (As tron’6 měr): a scientist who 
has a broad and exact knowledge of the various 
heavenly bodies (p. 207). 

astronomical (äs tro nöm” kal): having to 
do with astronomy (p. 245). 

*astronomy (4s trón'o mï): the science that 
deals with the planets, stars, and other heavenly 
bodies (p. 207). 

*atmosphere (At’mds fer): the air that sur- 
rounds the solid earth; the outside part of the 
earth that is composed of gases and dust (p. 17). 

*atom (At'üm): one of the particles that make 
up à molecule; the smallest particle of an ele- 
ment that has all the properties of that element 
(p. 283). 

atomic (š t3m’ik) energy (&n'érji): the 
energy that is set free when the nuclei of atoms 
are shattered or otherwise changed (pp. 300- 
301). 

atomic (& tóm^Ik) pile: 
chain reactions can be produced and thus 
enormous amounts of energy released (p. 302). 

Tattraction (4 trük'shün): a force that tends 
to pull objects toward one another (p. 323). i 

*axis (ak’sis): an imaginary straight line 
running through the middle of a body, such as 
the earth, on which the body rotates, or spins 
(p. 210). 


a structure in which 


*bacteria (bak tér’t å): microscopic, One- 
celled plants that belong to the great group of 
simplest plants and that include some disease 


germs (p. 442). 


balance of nature: the condition in which 
each kind of plant or animal in a locality main- 
tains about the same number of individuals 
(p. 404). 

*barometer (ba rém’é tér): an instrument 
for measuring atmospheric, or air, pressure 
(pp. 18, 22). 

[battery (băt'čr ï): two or more electric cells 
connected so as to supply an electric current 
(p. 337). 

*biology (bió3l'ojf): the major science that 
includes the study of plants and animals and 
how they live (p. 5). 

bituminous (bítü'mí nüs), or soft, coal: 
coal that serves both as a common fuel and as a 
source of many valuable chemical products 
(pp. 7, 106). 

block and tackle: one or more grooved pul- 
leys in a frame, or block, which, in combination 
with another pulley block and a rope, or tackle, 
can multiply a force many times (pp. 281, 
310). 

*blood vessel: an artery, à vein, or a capil- 
lary, through which the blood flows through an 
animal’s body (p. 426). 

*botany (bót'à ni): 
with all plant life (p. 5) 

*brain (bran): the part of the nervous system 
that controls actions and processes of the body 
(p. 412). 

Tbuoyancy (boi'än sï): the difference be- 
tween the upward push and the downward push 
of water, or of any other liquid or of any gas, as 
air, upon floating or submerged objects (pp: 77, 


527). 


the science that deals 


caisson (ka/sün): a water-tight compartment, 
or chamber, for construction work under water 


(p. 78). 7 
*calorie (kál'o ri): the amount of heat 


energy that must be put into 1 gram of water to 
make it 1 degree centigrade hotter (p. 95). 
fcapillarity (k&p Y Irt t): the raising OT, 
in some cases, the lowering of the level of liquids 
in minute tubes or capillaries (p. 467). 
Tcapillary (kapi lernema minute 
through which liquids, st s | 
(p.426), or through which soil water rises 
toward the surface of the ground ( 
carbohydrate (kar bo hi 
stance made up of carbon, hydrogen, 


tube 
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oxygen, which supplies the body with energy 
(p. 422). 

*carbon (kar’bén) dioxide (diók'sid): a 
colorless, odorless gas that makes up a minute 
portion of the air (p. 29). 

carbon (kür'bón) monoxide (món ók'/sid): a 
deadly, odorless, colorless gas (p. 107). 

celestial (sé lés'chal): having to do with the 
visible heavens; heavenly (p. 208). 

*cell: a device for obtaining an electric cur- 
rent by changing chemical energy into electrical 
energy (p.335); one of the small units of 
protoplasm of which every plant and animal is 
composed (p. 362). 

center of gravity (grav ti): the point in a 
body where the weight seems to be centered 
(p. 524). 

*centigrade (sén'tf grad) thermometer (thér- 
móm'é tér): a thermometer on whose scale the 
freezing point of water is 0 degrees, and the 
boiling point 100 degrees (p. 94). 

Tcentimeter (sén't?metér): one one-hun- 
dredth part of a meter, or about .4 inch (p. 290). 

{centrifugal (sën trif'ü gl) force: the force 
that tends to make all parts of a spinning body, 
or of one moving in a curving path, move out- 
ward from the center around which it is spinning 
or moving (p. 287). 

cerebellum (sčr ē b&l'üm): the part of the 
brain that keeps the muscles functioning tos 
gether properly (p. 416). 

cerebrum (str’é brüm): the largest part of 
the human brain; the part of the brain that 
controls voluntary behavior (p. 416). 

charged body: a body that has a plus or a 
minus electrical charge (p. 325). 

[check experiment: an experiment that is a 
repeated experiment made for a check on the 
original results (p. 534). 

chemical (kém'tkil): having to do with 
chemistry; a substance produced by a chemical 
process (p. 7). 

*chemical change: a change in which a sub- 
stance is changed into one or more other sub- 
stances which have entirely different properties 
from those of the original substance (p. 257). 

chemist (kÉm"ist): a scientist who works in 
the field of chemistry (p. 7). 

*chemistry (k&mfs tri): the science that deals 
with the composition of substances and with 
changes in their composition (p. 7). 


*chlorophyll (klo'ro fil): the green coloring 
matter of plants, which enables the plants to 
make food (p. 374). 

chordate (kór'dat): a member of the highest 
great group, or phylum, of animals, which is 
unique among all other groups of animals in 
that its members have a spinal cord (p. 387). 

[circuit (sür kit): the entire path of an elec- 
tric current, from the source of the current, 
through all the wires and machines, and back 
to the source (p. 333). 

*circulation (sürküla'shün): the act of 
circulating, or traveling around a course and 
back to the starting point (pp. 110, 427-429). 

*circulatory (sür'kü là to ri) system: the sys- 
tem of tubes and organs in a plant or animal 
through which blood or sap flows (p. 426). 

classify (klás'f fi): to put into groups in ac- 
cordance with some system (p. 240). 

"climate (kli^mtt): the average of the 
weather conditions in any area over a long pe- 
riod of time (p. 164). 

clockwise (klók'wiz): the direction in which 
the hands of a clock move around the dial 
(p. 153). 

cloud: minute drops of water or snowflakes 
collected around particles of dust (pp. 140, 
141). 

[cohesion (kohé'zhün): the sticking to- 
gether of two bodies made up of the same sub- 
stance, or the attraction that molecules of the 
same kind have for each other (p. 288). 

cold: the complete absence of heat energy 
(p. 89). 

*combustible (köm büs/tY b'l: a material 
that will burn; capable of burning (p. 26). 

*combustion (kóm büs'chün): the process of 
burning (p. 26). 

*comet (kbm/ét): a heavenly body that has 
a luminous head and tail and that passes around 
the sun (pp. 208, 216). 

communicable (kö mü'n! ka b'l) disease: a 
disease that can be "caught" by having its 
germs passed from one person to another 
(p: 442). 

commutator (kóm'uütatér): in a d-c gen- 
erator, the device that keeps the current flow- 
ing always in the same direction through the 
external circuit (p. 341). 

*compass (küm'pas): an instrument used to 
indicate directions on the earth (pp. 323-325). 
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complex (kóm pléks) machine: a machine 
made up of two or more simple machines 
(pp. 307, 309). 

*compound (kóm'pound): a substance that 
is composed of two or more chemical elements, 
and whose properties, or characteristics, differ 
from those of every element composing it (p. 62). 

[compression (köm présh'ün): the act of 
compressing, Or crowding, something, as air, 
into a smaller space (p. 522). 

Tconcave (kón'kav): curving like the inside 
surface of a hollow ball; the opposite of convex 
(p. 181, il.). 

*condensation (kön dën sa" shün): the act or 
process of condensing, or changing from a gas 
or vapor to a liquid, as water vapor changing 
to rain (p. 48). 

conditioned (kön dish'ünd) air: air that has 
been freed from dust and in which the desirable 
moisture content and temperature are main- 
tained (p. 166). 

*conduction (kón dük'shün): the passing of 
heat energy from molecule to molecule through 
a substance or the passing of heat from one body 
into another that touches it (p. 108); the pass- 
ing of an electric current through a substance, 
such as a metal (p. 333). 

Tconductor (kón dük'tér): a substance, such 
as a metal, through which heat energy or an 
electric current readily passes (pp. 109, 339). 

*conservation (kón sér và'/shün): the planned 
management of natural resources (p. 465). 

*constellation (kön stë la/shün): commonly, 
a group of stars; astronomically, a certain 
definite area or division of the sky that is oc- 
cupied by such a group (p. 242). 

contaminate (kón tám" nàt): 
is, to make impure or unclean, 
disease germs (p. 54). 

contour (kón'tóór) line: an imaginary line 
on the earth’s surface, every point on which is 
at the same altitude, or height, above sea level 
(p. 270, il.). 

*contract (kòn trákt) : 
to shrink in size (p. 90). 

[contraction (kön trük/shün): the act of 
drawing together or shrinking in size (p. 90). 

{control (kön trol’): the part of an experi- 
ment with which another part of the experiment 
is compared, or checked for accuracy (pp. 27, 


534). 


to pollute, that 
usually with 


to draw together or 


*convection (kön vék'shün): the passing of 
heat energy in currents from one part of a 
liquid or a gas to another (p. 109). 

[convex (kón'véks): curving like the out- 
side surface of a ball; the opposite of concave 
(p. 181, il.). 

corona (ko rd’na): the luminous envelope of 
intensely hot gases that surrounds the sun 
(p. 239). 

Tcorpuscle (kór'püs'l): 
in the blood (p. 427). 

counter-clockwise (klók'wiz), or anti-clock- 
wise: the direction opposite to that in which the 
hands of a clock move around the dial (p. 153). 

crater (kra'ter): the bowl-shaped hollow 
around the opening of a volcano (pp. 254, 255, 
ils 


a cell that floats free 


*cycle (si'k'l): a series of processes, stages, or 
changes that take place one after the other and 
are repeated again and again in the same order 
(p. 116). 

tcyclone (si'klon), or low: a great mass of 
air that has a barometric pressure below normal 
and that rotates in a counter-clockwise direction 
as it moves generally eastward over the earth 
(p.151). 

cyclotron (si'klo trón): a complex electric 
and magnetic device used to increase the speeds 
of atomic particles, which are then directed at a 
substance, such as uranium, whose atoms are 
to be smashed (p. 300). 

Tcytoplasm (si'tó plazm): the thin, watery 
part of the protoplasm that makes up most of a 
plant or an animal cell (p. 362). 


deficiency (dé fish’én si) disease, or “hidden 
hunger”: a disease caused by a lack of some 
important substance in the diet (p. 443). 

*degree (dé gré): a unit used to measure 
temperature, or intensity of heat (p.95); one 
three-hundred-and-sixtieth (sig) of a circle 
(p. 223). 

demagnetize (dé mág'né üz): 
magnet to lose its magnetism (p. 322). 

*density (dén'st ti): the number of pounds 
that a cubic foot of a substance weighs 
(p. 109). Pim. 

+dependent (dé pén'dént) organism (Ôr“- 
gánizm): every animal, and any plant that 
lacks chlorophyll, and therefore every organism 
that cannot make its own food (p. 375). 


to cause a 
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deposition (dép 6 zish’tin): the process by 
which agents of erosion drop sediment or other 
eroded materials that they are carrying along 
(p. 264). 

detergent (dé tür/j£nt): any cleansing agent; 
commonly, a patented chemical cleaning agent 
(p. 64). 

Tdew point: the temperature at which water 
vapor in air will begin to condense (p. 139). 

Tdiaphragm (di'afrám): a thin disk of 
vibrating metal or other material (p. 506). 

"diffusion (di fi'zhtin): the scattering of 
reflected light in all directions from a rough sur- 
face (p. 178); the act or process of diffusing, by 
which substances become mixed as a result of the 
movements of their molecules (p. 366). 

"digestion (dijés'chün): the process by 
which foods are changed into simple substances 
that will dissolve in water and that thus can be 
used by a plant's or an animal's body (p. 424). 

"digestive (díjés'tv) fluid: one of several 
liquids, produced by glands in the digestive sys- 
tem, that bring about the digestion of food 
(pp. 424, 425). 

dilute (di lit’): to make a substance-chem- 
ically weaker, usually by adding water (p. 61). 

*direct current, or d-c: an electric current 
that continues to flow in the same direction 
through a circuit (p. 340). 

{disinfectant (dis in fék'tánt), germicide 
(jür'mt sid), or antiseptic (ăn tistp’tlk): a 
germ-killing substance (p. 54). 

dispersion (dis piir’shiin): the process of 
separating the colors that make up a beam of 
light, as by a prism (p. 181). 

displace (dis plas’): to push something aside 
and take its place (pp. 109, 528). 

dissolve (di zölv’): to distribute the mol- 
ecules of a solid body or a gas among the mol- 
ecules of a liquid (pp. 53, 263). 

*distillation (dis ti la'shün): the process of 
boiling a liquid and then condensing its vapor 
(p. 53). 

dominant (dóm"inánt) character (k&r'ük- 
tér): the one of a pair of traits received from a 
parent that appears in the offspring (p. 409). 

dormant (dór^mánt): remaining inactive in 
a state resembling sleep for a long period, as a 
winter (p. 168). 

Tdynamo (di^na mō), or generator (jén'ér- 
a tér): a machine that produces an electric 


current by changing mechanical energy into 
electrical energy (p. 338). ; 


*earth: the third planet from the sun in the 
solar system and the largest terrestrial planet 
(p. 409). 

"eclipse (€klips’): the reducing of the 
amount of light that one heavenly body, such 
as the earth, receives from another, such as the 
sun, when a third body, the moon, passes be: 
tween the two (p. 231). 

ecology (é kól'oji): the science that deals 
with the relations of plants and animals to one 
another and to all the other conditions about 
them (pp. 5, 402). 

effervescent (čf čr vés'ént): bubbling, foam- 
ing, and hissing from the rapid escape of gas 
bubbles, as in a freshly opened bottle of “pop,” 
or “tonic” (p. 61). 

tefficiency (ë fYsh’tn sï) of a machine: the 
useful work accomplished compared with the 
total work done in accomplishing it (p. 313); 
the amount of work that an engine does per 
pound of fuel (p. 521). 

tegg: the female sex, or reproductive, cell 
(p. 400). 

"electric (&lék'trik) current: a constant 
flow of electrons through a conductor (p. 333). 

electrified (ë l&k’tri fid) body: a body that 
has a + or — charge of electricity (p. 325). 

electrify (elék'trifi): to charge with elec- 
tricity, or to provide with electric current 
(p. 326). 

Telectrode (ë I&k'tród): one of the terminals, 
binding posts, or poles of a cell or other source 
of electric current, or of an electric appliance 
(p. 336). 

electrolysis (&lék trl’ sis): the process by 
which electric currents are used to break up 
compounds into simple substances, as in plat- 
ing with metals (p. 335). d 

“electromagnet (&lék tro mág/n&t): a coil 
of wire that is wound around a soft-iron core and 
that is made magnetic by the flow of an electric 
current through it (pp. 321, 338). 

electromotive (é l¢k tro mo'tív) force, emf, 
or P.D.: voltage, or electrical pressure, which 
causes an electric current to flow through a 
conductor (p. 333). ; 

Telectron (é lék'trón): a particle of negative, 
or minus, electricity (p. 284). 
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*element (Él'e mënt): a simple substance, 
such as iron or nickel, that cannot be broken 
up into any simpler substance by ordinary 
chemical means, as a compound can (p. 217). 

embryo (Ém'brio): a plant or an animal 
in the early stages of its development, when it 
is inside the seed of a plant or within the body 
of a female animal (p. 400). 

enemy: any organism or any condition that 
harms another organism in any way or that 
makes its survival difficult or even impossible 
(p. 390). 

*energy (Én'érjf): the capacity to do work 
or to cause something to move (p. 74). 

*energy (Én'érjí) food: a carbohydrate, a 
fat, or a protein, whose stored energy is changed 
in the body to heat and other forms of energy 
(p. 422). 

*environment (ín vi'rün mënt), or habitat 
(hăb'ï t&t): all the conditions and surroundings 
among which a plant or an animal lives (pp. 32, 
403). 

tenzyme (Én'zim): a substance that is pro- 
duced within the body of a plant or an animal 
and that causes chemical changes, such as the 
digestion of certain foods (p. 425). 

tepidermis (čp ï dûr'mïs): the thin outer 
coverings of plant structures or the outer skin 
of an animal (p. 380). 

*equator (€kwa'tér): the imaginary line 
drawn around the middle of the earth halfway 
between the north and south poles (p. 223). 

equinox (é/kwi ndks): one of the two days 
during a year, usually March 21 or Septem- 
ber 23, on which the direct, or vertical, rays of 
the sun strike the equator and on which, con- 
sequently, there are 12 hours of daylight and 
12 hours of darkness everywhere on the earth 
(p. 226). 

*erosion (é ro'zhün): the process by which 
water, wind, and other agents wear away and 
carry off rock and soil (p. 260). 

esophagus (€ sdf’a güs), or gullet (gül'ét): 
the part of the alimentary canal that connects 
the throat with the stomach (p. 425). 

*evaporation (€ văp 6 rà/shün): the process 
by which a liquid, such as water, or a solid, such 
as Dry Ice, is changed to a gas, OF vapor (p. 91). 

*excretion (Ékskre'shün): the processes by 
which waste materials are removed from the 
body of an organism (p. 429). 


*expand (éks pind’): to increase in size and 
volume (p. 90). 

fexperimental (čks ptr měn’tăl) factor 
(fák'tér): the one and only condition, or factor, 
that is different in two parts of an experiment 
which are planned to solve the same problem; 
the factor, or condition, the effects of which the 
experiment is intended to determine (pp. 123, 
534). 

exterminate (éks tür'mi nat): 
completely, or kill off (p. 478). 

external (Éks tür/nál) circuit (sür'kít): the 
part of an electric circuit that is connected with, 
and outside, the source of the current, such as a 
cell or a dynamo (p. 340). 

external-combustion (čks tür nál köm büs'- 
chùn) engine: a heat engine in which the fuel 
is burned outside, rather than inside, the en- 
gine’s cylinder (p. 519). 

extinct (&ks tingkt’): not having erupted for 
a long period, as a volcano; no longer living, as 
a kind of plant or animal (pp. 6, 472, il.). 

extinguish (čks ting’gwish): to put out, as 
a fire or a light (p. 125). 


to destroy 


*Fahrenheit (fir'énhit); a thermometer 
scale on which the freezing point of water is 
32 degrees and the boiling point is 212 degrees 
(p. 94). 

jfertilization (für ti li zà/'shün): in the proc- 
ess of sexual reproduction, the uniting of a 
sperm with an egg cell to produce an embryo, 
or young plant or animal (p.400); in agri- 
culture, the enriching of the soil with chemical 
substances or with plant and animal materials 
(p. 474). 

fibrovascular (fi bro vás'kü lér) bundles: a 
system of tissues in a plant that includes both 
the tube-like cells through which liquids con- 
taining dissolved food and other essential sub- 
stances flow, and the growing part of the stem 


. 382). 

a. (fil tra’shtin): the process of pass- 
ing a liquid, as water, through a porous mass, as 
sand, to remove solid particles (pp. 55—56). 

fission (fish’tin): the smashing, or splitting, 
of atoms artificially (p. 300); a form of repro- 
duction in which a mature one-celled organism 
divides to form two cells like itself (p. 398). 

*food: a substance that provides a plant or 
an animal with energy, with materials for 
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growth and repair, or with chemical sub- 
stances that are essential to its health (p. 422). 

foot-pound: a force of 1 pound moving 
through a distance of 1 foot; the unit in which 
work is measured (p. 304). 

*force: a push or a pull (p. 18). 

Tfossil (fós^): any evidence or trace in the 
crust of the earth of a plant or animal that is 
now extinct (p. 266). 

“friction (frik'shün): the resistance, or op- 
position, to the movement of one object over 
the surface of another (p. 90). 

friend: any organism or any condition that 
makes the survival of a plant or an animal more 
easy (p. 390). 

Tfront: the imaginary irregular line on the 
ground that marks the bottom of the forward 
surface of an air mass (p. 150). 

fulcrum (fül'krüm): the support, or point, 
on which a lever is made to swing (p. 309). 

{function (füngk'shün): a special purpose, 
action, or service (p. 364). 

fungus (füng'güs); plural, fungi (fün'ji): a 
member of the group of simplest plants that 
does not contain chlorophyll and hence cannot 
make its own food (p. 375). 

fuse: a piece of metal or alloy that is inserted 
in an electric circuit and that melts and thus 
breaks the circuit when the current becomes too 
great for safety (p. 351). 


*galaxy (gal’ak sf): a vast star system, such 
as the Milky Way, which may contain as many 
as 100 billion stars, or suns (p. 243). 

*gas: a substance, like air, that has no def- 
inite form, but expands to fill its container (p. 49). 

*gaseous (gds'é tis): like a gas in form or 
nature (p. 49). 

gastric (g4s’trik) juice: a digestive fluid pro- 
duced in the stomach (p. 425). 

gear: a wheel that has teeth on its rim and 
that transfers motion to another gear or that 
changes the speed or the direction in which 
another gear is turning (p. 316, il.). 

generator (gén’ér a tér), or dynamo (di’- 
nå mō): a machine that supplies electric cur- 
rent by changing kinetic energy, or the energy 
of motion, into electrical energy (p. 338). 

geographical (je 6 gráf'í kal): having to do 
with geography, or the branch of science that 
deals with the earth and its life. 


geology (je9l'0ji): the science that deals 
with the earth's structure and its history as 
revealed in the rocks (p. 4). 

germ (jürm): a parasite, usually a bacterium 


or a protozoan, that causes a disease (p. 441). 


fgermicide (jfr’mi sid), disinfectant (dis- 
in fék'tánt), or antiseptic (ân ti sép’tik): a sub- 
stance that killş disease germs (p. 54). 

*glacier (gla’shér): a mass of ice that slowly 
slides down a mountain valley (p. 262). 

"gland: a plant or an animal organ that 
manufactures one or more unique substances, 
as wax, saliva, or bile (p. 416). 

*gravitation (grávYtà/shün): the attraction 
between every body and every other body in the 
universe (p. 209). 

*gravity (grăv'ľ tř): the gravitational at- 
traction between the earth and every other body 
on it or near it (p. 57). 

tgreen plant: an independent plant, that 
is, one that contains chlorophyll and that there- 
fore is able to make its own food (p. 374). 

ground water: water that is in the soil (p. 51). 


habitat (háb'rtit), or environment (én- 
vi'rün mënt): a plants or an animal's sur- 
roundings; the immediate locality in which a 
plant or an animal lives (pp. 32, 403). 

“heat: a form of energy (p. 89). 

"heavens (hév'énz): the vast space in which 
are the earth, stars, and other bodies (p. 207). 

theredity (hē rëd’Y tï): the passing on of 
characters, or traits, from one generation to the 
next (p. 406). 

hibernate (hi'bér nat): to pass the winter 
in an inactive state much like sleep (p. 168). 

"hidden hunger," or deficiency (dé fish’- 
ën sf) disease: a diseased condition caused by 
the lack of vitamins, minerals, or other neces- 
sary substances in the diet (p. 443). 

high, or anti-cyclone (Xn'tl si'klon): a huge 
mass of air which slowly whirls in a counter- 
clockwise direction as it moves generally east- 
ward across the country (pp. 151—152). 

[hormone (hór'món): a chemical substance 
that is produced by a ductless gland and that 
regulates certain body activities (p. 410). 

thorse-power: a measure of the amount of 
work done by a machine in a second or a minute 
of time, equal to 550 foot-pounds per second or 
33,000 foot-pounds per minute (p. 314). 


[544] 


*host: a plant or an animal on or within 
which another plant or animal lives, usually as 
a parasite (p. 377). 

humidity (hà mid'Yti); the water vapor in 
the air (p. 137). 

[humus (hü'müs): any part or product of a 
plant or animal that is decaying in the soil 
(p. 259). 

hygiene (hi'gen): the science that deals with 
the improving and maintaining of personal 
health (p. 9). 

thypothesis (hi póth'e sis); plural, hypothe- 
ses (hi póth'esez): a possible explanation of 
how or why something occurred, that is based 
on all the known facts (p. 44). 


Tigneous (ïg'nē ts) rock: rock that was 
formed from the cooling of magma OF lava 
(p. 265). 

illumination (Ílü mi na’ shün): the state 
of being illuminated, or lighted up (p. 191). 

fimage (im^): a likeness such as one sees 
in a mirror or a photograph (p. 178). 

fimmunity (i mi/ni td): ability to resist at- 
tacks by disease germs (p. 449). 

impact (im’pakt): the force of a blow, such 
as that of a hammer against à nail or of a base- 
ball against a bat (p. 36). 

incandescent (in kän dés/ént): hot enough 
to give off light (p. 175). 

independent (inde pén'dént) organism 
(ôr'găn zm): a green plant, which has chloro- 
phyll and hence can make its own food 
(p. 375). 

finduction (in dük'shün) : 
magnetizing iron and steel by bringin: 
near a magnet or causing them to touch it 
(p.323); or of producing 
in a conductor by moving 
magnetic lines of force (pp. 340-341). 

inertia (in ûr'shå): the property of matter 
that makes it hard to start a body if it is not mov- 
ing, and hard to stop or to change its direction 
of motion if it is moving (p. 287). 

infect (in fékt’): to transfer disease germs 
], with the result that 1t 


the conductor across 


to a plant or an anima 
becomes sick (p. 447). 
infection (in £&k’shitn) : 
plant or an animal with disease ger 
a germ disease (p. 446). 
infectious (in fék'shüs): 


the act of infecting à 
ms (p. 447); 


capable of being 


spread from person to person, as à disease 
(p. 434). 

infer (infér): to draw a conclusion from 
known facts (p. 16). 

tinference (in‘fér %ns): a conclusion drawn 
from known facts (pp. 16, 534). 

*inflammable (in flám'a b'l): combustible; 
capable of catching fire easily (p. 66). 

infra-red (in fra réd’) rays: waves of radiant 
energy that are shorter than the red radio waves 
and longer than light waves (p. 118). 

inoculation (in ðk ü là'shün): the process by 
which an organism is protected against a disease 
or illness by having certain substances forced 
into its tissues (pp. 444, 445, il.). 

finorganic (in ôr gin'ik) matter: matter 
that is not alive and never was either alive or a 
product of any living thing (p. 252). 

*insect: an arthropod with three distinct 
body regions, three pairs of legs, and usually one 
or two pairs of wings (p. 387). 

insecticide (in sék'tisid): a chemical sub- 
stance, usually a liquid or a powder, that kills 
insects (p. 42)- 

instinct (in’stingkt) : a series of automatic, 
inborn behaviors that enable an organism to 
survive (p. 414). 
jinsulation (in sü là'shün): a covering ma- 
terial that largely prevents the conduction of 


heat energy (P- 109), electricity (p. 333), or 
sound (p. 502). 
internal-combustion (in tür nàl köm büs'- 


a heat engine in which a mix- 


chün) engine: 
d air is exploded inside the en- 


ture of fuel an 
gine's cylinders (pp: 521-523). 
*invertebrate (in vür'te brat): 
that has no backbone (p. 387). 
involuntary (in vól'ün té ri) behavior (bē- 
hav'yér): a behavior, or action, such as breath- 
ing, that does not require thought (p. 414). 
ionize (i/6n iz): to form ions, OF particles of 
matter having a posi 
(p. 19). 
isotope (iso top): 
forms of the same elemen 
same number of protons, 
of neutrons (p- 298). 


an animal 


tive or negative charge 


any one of two Or more 
t whose nuclei have the 
but different numbers 


fkilowatt-hour (kil'o wot): the unit in which 
d and paid for; 


electrical energy is measure 
1000 watts used for 1 hour (p. 353). 
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kindling point, or kindling temperature 
(tém’pér å chóór): the temperature at which 
a combustible substance catches fire (p. 103). 

kinetic (ki n&t'k) energy (¢n/érji): the 
energy possessed by a body that is moving 
(p. 293). 


larva (lür'và); plural, larvae (lar’vé): the 
stage, usually worm-like and wingless, in the 
life cycle of certain insects, just after they hatch 
from the egg (p. 391, il.). 

flatitude (l&t't tid): distance on the earth’s 
surface measured in degrees north or south of 
the equator (p. 222). 

lava (là'và): melted rock that flows out, or 
is thrown out, of a volcano (pp. 3, 255-256); 

legume (lčg'ūm): a flowering plant, such 
as a peanut, a bean, or a pea plant, that pro- 
duces its seeds in pods (p. 474). 

*lens: a piece of glass or other transparent 
substance that has one or both surfaces curving 
and that is used to refract, or bend, light beams, 
as in eye-glasses (pp. 181, il., 196-198). 

lever (l&'vér): the simple machine that 
consists of a rod or bar that turns on a point 
called a fulcrum (p. 309). 

lichen (li'kén): a gray, green, or brown 
patch composed of two simple plants that live 
together as partners and that grow on rocks, 
trees, and other objects (p. 213). 

ligament (líg/ m&nt): a tough, cord-like 
tissue connecting the ends of two bones (p. 457). 

"light: a form of radiant energy that con- 
sists of longer waves than ultra-violet rays and 
X rays and of shorter waves than heat waves, 
and that is the only form of radiant energy that 
animals can see (p. 175). 

lightning (lining): a discharge of static 
electricity within a cloud, between two clouds, 
between a cloud and the earth and vice versa 
(pp. 320, il., 327—329). 

light-year: the distance that light travels in 
one year, at the rate of 186,000 miles per sec- 
ond (p. 242). 

line of force: the path that a north pole of a 
magnet would follow in moving from the N-pole 
to the S-pole of a magnet; part of a magnetic 
field (p. 322). 

“liquid, or fluid: a substance, such as water, 
that flows freely and that takes the shape of 
whatever container it is in (pp. 49, 288). 


loadstone (lod'ston): a natural magnet 
consisting of a kind of iron oxide known as 
magnetite (p. 321). 

flongitude (lén‘j¥ tid): distance east or 
west on the earth, measured in degrees from the 
zero, or prime, meridian, which passes through 
Greenwich, England (p. 222). 

luminous (lū’mï nüs): giving off light 
(p. 175). 

lunar (lü'nér): having to do with the moon 
(p. 230). 

lymph (límf): the liquid that surrounds all 
the body cells (p. 427). 


"machine: a device for doing work (pp. 307, 
il., 308-309). 

magma (mág'má): molten, or melted, rock 
within the earth (p. 255). 

"magnet (miig/n&t): a piece of iron, or of any 
one of several iron alloys, that attracts other 
bodies composed of iron or of these alloys 
(p. 321). 

tmagnetic (mig nétfk) field: the space 
surrounding a magnet in which are the magnetic 
lines of force and in which the magnetic force 
acts (p. 322). 

Imagnetism (mig’né tízm): a form of energy 
closely related to electrical energy (p. 321). 

Tmagnetize (măg’ně tiz): to make magnetic 
(p. 322). 

magnitude (mig/n! tüd): in astronomy, the 
degree of brightness of a star or other heavenly 
body (p. 240). 

*mammal (măm’ăl): a member of the highest 
group of animals, which have hair and feed 
their young on milk (p. 388). 

marijuana (mir Y wä’nå): a dangerous, habit- 
forming drug that is usually mixed with tobacco 
and made into cigarettes (p. 460). 

*matter: anything that has weight and takes 
up space (p. 282). 

maturity (må tü'ri t): state of being mature, 
or fully developed (p. 367). 

[mechanical (mé kin'/í kal): having to do 
with mechanics, machines, or machinery 
(p. 305). 

mechanical (me kän’ kal) advantage (äd- 
vün'tij): the gain in force or in speed in doing 
work, that a machine makes possible (p. 313). 

{membrane (mém’bran): a thin, soft layer 
of flesh or other material (p. 196). 
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jmetamorphic (métà mór'fík) rock: com- 
pact rock, such as slate or marble, formed from 
sedimentary and igneous rock by one or more 
of such conditions as intense heat, great pressure, 
and water in the rock (p. 265). 

[meteor (mé’te čr), or shooting star: a small 
mass of stone or metal, chiefly iron, that falls 
from space into the atmosphere and, as it falls 
through the atmosphere, is burned up, leaving 
for an instant a bright trail (pp. 208, 216). 

fmeteorite (me'te érit): a mass of stone or 
metal that falls from space onto the earth (pp. 7, 
217). 

meteorology (mē tē ér ölő ji): the science 
that deals with the weather and its conditions, 
such as winds, clouds, and temperature (p. 157). 

*microbe (mi'krob): a minute plant or ani- 
mal, usually a disease germ (p. 442). 

1micro-organism (mi kro. ór'gán jam): a 
plant or an animal that is too small to be seen 
except with a microscope Om in some cases, 
even with a microscope (p. 75). 

microphone (mi'kro fon): an instrument for 
changing sound waves into electrical waves 
and thus making faint sounds louder (p. 506). 

*microscope (mi'kro skép): an instrument 
for magnifying, and thus making visible, objects 
that are too small to be seen with the naked eye 
(pp. 200, 204, il.). 

microscopic (mi kro skép’Ik): too small to 
be seen with the naked eye; visible only through 
a microscope (p. 4). 

Tmigrate (mi'grat): to seek a new habitat, 
or environment, usually during the summer or 
the winter (p. 168). 

*mineral (min/ér äl): in chemistry and 
geology, an inorganic element or à compound 
that is on or within the solid earth (p. 252); 
in biology, a chemical compound from which 
plants and animals secure elements they need 


(p. 422). 
*mirror (mir'ér): a surface smooth enough 
to produce images by the reflection of light 
(p. 178). 

Yks’choor): a substance formed 


*mixture (m 
when elements or compounds or both are put 
y of their 


together without a change in an 


properties (p- 282). 
mold: a small dependent plant, a fungus, 


which belongs in the great group of simplest 
plants (p. 875). 


molecular (mo lëk’ū lēr): having to do with 
molecules (p. 35). i 

*molecule (mól'é kil): a particle composed 
of one or more atoms; the smallest particle of a 
substance that has the characteristics, or prop- 
erties, of that substance (p. 35). 

moon: a smaller body that revolves around 
a planet; a satellite of a planet (pp. 207, 208, 
228). 

[motor (mo'tér): a device, or machine, that 
is used to run other machines and, if an electric 
motor, to change electrical energy into kinetic 
energy (p. 338). 

mutant (mü'tint): an organism that has a 
marked characteristic that its parents do not 
have and that can be transmitted to its young 
(p. 405). 


natural resource (rē sors’): a material, 
found in or on the earth, that is needed by man 
for his continued well being or even his survival 
(p. 465). 

{nebulae (néb/üle); singular, nebula (néb'- 
ala): vast masses of dust and gases in space, 
some of which are luminous (p. 243). 

negative (nég'à tiv) charge: the electrical 
charge that a body has when it has more elec- 
trons than protons (p. 325). 

neon (né’dn): a rare gas of the atmosphere 
that is commonly used in the tubes of electric 
signs (p. 24). 

*nerve: a bundle of nerve cells, or neurons 
(p. 416). 

nervous system: the brain and all nerves 
and neurons or nerve cells, of the body 
(p. 416). 

neuron (nü'rÜn): a nerve cell (pp. 363, il., 
416). 

neutral (nü'trál) 
neither a positive nor a 
electricity (p. 326). 
nü'trón): an atomic particle that 
al charge and that is of about the 
same size and has about the same weight as à 


proton (p. 285). À 
*nitrogen (ni'tro jën): 
jnactive gas that makes up à 
air (pp. 24 29). / HR 
jnitrogen-fixing bacteria (bak ter'i à): bac- 

hin the roots of legumes, or 


teria that live wit 
pod-bearing plants, and that change the ni- 


body: a body that has 
negative charge of 


a colorless, odorless, 
bout four fifths of the 
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trogen in the air to nitrogen compounds in the 
soil that plants can use for food (p. 474). 
nodule (nód'ül): a knob-like growth on the 
roots of legumes, or pod-bearing plants, in 
which nitrogen-fixing bacteria live (p. 474). 

*non-energy food: a food substance that 
provides the body with materials necessary for 
the proper functioning of various organs, but 
not with energy or materials needed for growth 
and repair (p. 422). 

[non-green plant: a dependent plant, or 
one that does not contain chlorophyll and hence 
cannot make its own food (p. 374). 

*nucleus (nü'klé tis); plural, nuclei (nu'- 
kléi) or nucleuses (nü'kle ŭs ëz): the bright 
inner core of the head of a comet (p. 216); 
the dense core of an atom, in which are found 
protons and neutrons (p.285); the dense mass 
of protoplasm in a plant or animal cell (p. 363). 


Johm (6m): the unit in which resistance to 
the flow of electric current is measured (p. 335). 

Topaque (6 pak’): not allowing light to pass 
through (p. 177). 

optical (Óp'tf kal): having to do with. sight, 
or vision (p. 196). 

"orbit (6r’bit): the imaginary path followed 
by a heavenly body as it revolves around a 
larger body (p. 209). 

ore: a rock that:contains a desired mineral, 
such as gold or copper, in quantities large 
enough to be mined with profit (pp. 252, 
488). 


"organ: a complex bodily structure that 
performs one or more special functions 
(p. 195). 


organ system, or system: a group of organs 
that together carry on a complex bodily process, 
such as digestion or circulation (pp. 364, 416). 

*organic (ôr gin’{k) matter: matter that 
is partly composed of carbon and that is or was 
a part or a product of a plant or an animal 
(p. 252). 

"organism (Ór'gínlzm): any living thing, 
either a plant or an animal (p. 67). 

Tosmosis (3s mo'sís): the type of diffusion by 
which the molecules of a substance pass through 
moist cell walls or cell membranes (p. 366). 

ovule (o'vül): the structure within the ovary 
of a plant, in which the female sex cells, or eggs, 
are formed (p. 400). 


"oxidation (óksída'shün): the process by 
which oxygen unites chemically with another 
substance to form an oxide (p. 26). 

oxide (ók'sid): a compound produced when 
another compound or an element is oxidized by 
combining chemically with oxygen (p. 26). 

*oxygen (Ok'sí jën): a colorless, odorless gas 
that makes up aboutone fifth of the air (pp. 24,26). 


parallel (par’4 1č1) circuit (sür'kYt): an elec- 
tric circuit in which the current flows through 
the various appliances in separate paths (p. 349). 

parasite (par’d sit): a plant or an animal 
that lives on, or inside the body of, another 
plant or animal, which is its host and which it 
usually harms (p. 377). 

Tpartial (pár'shàl) vacuum (vák'üüm): a 
space from which part of the air has been re- 
moved (p. 37). 

pasteurization (pds tér i za/shtin): a process 
by which disease germs are killed in a liquid; 
when milk is pasteurized, it is kept at a tem- 
perature of 145°F for 15 minutes and then 
cooled to a temperature of 50° F (p. 434). 

penicillin (pénisil'ín): a substance that is 
obtained from a certain kind of mold and that 
is used for treating some bacterial diseases; one 
of the most valuable antibiotics (p. 450). 

Tpenumbra (pé ntim’bra): a partially lighted 
shadow, such as that cast by a planet or a moon 
during an eclipse (p. 231). 

*perspiration (pürspírà'/shün): the water 
containing dissolved salt and other waste ma- 
terials that is given off by sweat glands in the 
skin (p. 167). 

"petroleum (pé tró/lé tim): crude oil that is 
obtained from the earth (pp. 275-277). 

phases (faz'éz) of the moon: the changes 
in the shape of the bright portions of the moon 
as it revolves around the earth (pp. 230, 231, il.). 

tphenomenon (fé nóm'& nón); plural, phe- 
nomena (fé nóm'e na): an interesting scientific 
happening that can be described or explained 
(p. 90). 

*photosynthesis (fo tō sín'the sís): the chem- 
ical process by which green plants, in the 
presence of sunlight, change water and carbon 
dioxide into food (p. 379). 

phylum (fi/ltim); plural, phyla (fi'là): one 
of the great groups into which the plant and 
animal kingdoms are divided (p. 375). 
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*physical (fiz'i käl) change: a change in 
which the size, shape, or state of a body is 
changed, but not its chemical composition 
(p. 257). 

*physics (fiz’tks) : the science that deals with 
physical changes in matter and with energy and 
motion (p. 8). 

pistil (pís'til): the part of a flower that con- 
tains at its base the female sex cells, or eggs, 
which, if fertilized, develop into seeds (p. 400). 

*planet (plán'ét): one of the nine large, 
non-luminous bodies, such as the earth and 
Mars, that revolve around the sun (pp. 207, 
209). 

planetoid (plan’ét oid), or asteroid (ás'tér- 
oid): a small, planet-like body that revolves 
around the sun in an orbit between the orbits 
of Mars and Jupiter (p. 213). 

plasma (pláz'mà): the light-brown liquid 
part of the blood (p. 426). 

pneumatic (nū mát'Ik): moved or operated, 
as an appliance, by air pressure (p. 41). 

*pole: either end of the earth's axis (p. 223); 
one of the points on a magnet where the mag- 
netism is centered (p. 322); one of the terminals, 
electrodes, or binding posts of an electric cell 
(pp. 336, 354, il.). 

{pollen (pól'én): minute yellow bodies that 
are produced in the stamens of flowers and that 
contain the male sex cells, or sperms, which 
unite with the egg cells to produce seeds (pp: 25; 
400). 

pollination (pàl Y na/shtin): the transferring 
of pollen by insects; birds, or winds from one 
flower to another of the same kind (p. 390). 

potential (po tën'shăl) difference, P.D., 
voltage (vol'ttj), or emf; electrical pressure, 
which causes an electric current to flow through 
a conductor (p. 334). "m" 

{potential (po din/shál) energy (ene i): 
the energy that a body has because of its position 
or condition; stored energy (p.292). . 

power: à measure of how fast work is done; 
the rate of doing work (p. 314). 

*precipitation (pré sip Ytà/shün): the proc 
r in the solid state, as snow; 


ess by which wate [ S 
sleet, or hail, or in the liquid state, as rain, falls 


upon the earth (p. 138). 

*pressure (présh'é) : 
ing against a unit of surface; 
or a square foot (pP- 22, 16). 


the force that is press- 
as a square inch 


*protein (pro'té in): the one of the three 
classes of energy foods, namely, proteins, car- 
bohydrates, and fats, that is essential to growth 
(pp. 379, 422). s 

{proton (pro'tón): a particle of positive, or 
plus, electricity that is part of the nucleus of an 
atom (p. 285). 

{protoplasm (pro'to plizm): the living ma- 
terial of which every living plant or animal is 
composed; the only living material (p. 362). 

*protozoan (pro to z'n), or protozoon 
(pro tō zo'ón); plural, protozoans (pro tō zo"- 
Ánz), or protozoa (pro to zólà): an animal that 
has a one-celled body and that belongs to the 
lowest group of animals (pp. 54, 390, 442). 

*pupil (pü'pl): the transparent. window 
through which light passes into the eye (p. 195). 


radar (ra’dar): a radio device for detecting 
the presence of objects, such as ships, planes, 
or mountain peaks, and for determining where 
and how far away they continue to be (pp. 153, 
512). 

radiant (rà/di ant): sent out in all directions 

in straight lines from a source, such as the sun 
(p. 175). 
{radiant (rà'dí Ant) energy (&n'ér jí): en- 
ergy in the form of light, heat, radio, and other 
waves, which travel through space at the rate 
of about 186,000 miles per second (pp. 89, 
111). 

radiation (rà di a’shiin): the giving off of 
heat energy and related forms of energy, such 
as light and radio waves (p. 111); and the pass- 
ing of these forms of energy through space and 
air (p. 298, il.). 

radioactivity (ra’di © Ak tiv’ ti): 
by which the atoms of certain elements break up 
of themselves, giving off energy and particles of 
matter, and become the atoms of one or more 
other elements (pp. 277, 300). 

ray: a beam of radiant energy; 
X ra . 175, 297). 

SERA (re sés lv) character (kár'ák tér): 
one of a pair of characteristics, OF traits, received 
from a parent that does not appear 1n the off- 
spring; but can appear in a later generation 
(p. 409). A 

red corpuscle (kér’ püsl): one of the disk- 
shaped cells in the blood that carry oxygen to 


every living cell (p. 427). 


the process 


as light or 
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*reflection (ré fl&k’shtin): the process by 
which heat (p.112), light (p.177), sound 
(p.502), or other kinds of waves “bounce 
back" from a surface. 

reflex (re'fléks): a simple, unlearned re- 
sponse of an organism to a stimulus, such as a 
sudden noise or flash of light (p. 414). 

jrefraction (re frák'shün): the process by 
which light waves are bent as they pass from one 
transparent substance, as air; into another, as 
glass (p. 179). 

refrigeration (ré frij čr à/shün): the process 
of chilling foods and keeping them cold as a 
means of slowing down the life activities of the 
bacteria and fungi in the foods, which cause 
the foods to spoil (p. 118). 

relative (rél'àtiv) humidity (hi mid'i ti): 
the quantity of water vapor that is actually in 
the air compared with the quantity that could 
be in the air at the same temperature 
(p. 139). 

*reproduction (ré pro diik’shtin): the proc- 
€ss by which offspring, or young, are produced 
(pp. 367, 398). 

repulsion (ré pül'shün): the force that tends 
to push objects apart; the opposite of attraction 
(pp. 323, 326). 

[resistance (rē zis'tins): opposition to mo- 
tion (p. 90), to force, or effort (p. 309), or to the 
passage of an electric current through a con- 
ductor (p. 334); the object to be moved by a 
machine (p. 310). 

"respiration (rés p ra’shtin): the process by 
which plant or animal cells take in oxygen, 
oxidize food, and get rid of carbon dioxide and 
water (p. 429). 

[respiratory (rés/pi rà tō ri): having to do 
with respiration (p. 429). 

[retina (rët na): the black membrane that 
lines the inside surface of the eyeball and that 
receives the images of what is seen (p. 196). 

*revolution (rÉvolü'shün): the moving of 
one body in a circular path around another body 
or a center, as the earth around the sun (pp. 209, 
210); one complete round trip of the moving 
body around the center, as a complete turn of 
a wheel (p. 209). 

*rock: a solid mass, a part of the earth's 
crust, different samples of which are usually 
composed of several minerals in varying pro- 
portions (p. 252). 


"rotation (rotà'shün): the whirling, or 
spinning, of a body on its axis (p. 210). 


*saliva (saliva): the digestive fluid that is 
produced by glands in the mouth and that 
starts the digestion of starch (p. 424). 

sanitation (sínita'shün): the branch of 
biological science that deals with conditions 
that promote general health (pp. 9, 62). 

jsap: the watery liquid that carries dis- 
Solved minerals, food, and other needed sub- 
stances to all the living cells of a plant, and 
carries away waste materials from the cells 
(p. 379). 

Isaprophyte (sip'rofit): a non-green plant 
whose food is dead organisms or decaying plant 
or animal matter (p. 377). 

jsatellite (sat’é lit): a heavenly body, usually 
a moon, that revolves around a greater body 
(pp. 207, 219). 

saturate (sách'óó rat): to fill as completely 
as possible, as a cloth with water or air with 
water vapor (p. 51). 

scientific (siéntil'Ik) attitudes (št tüdz): 
the ways in which one should consider and 
judge what one hears, reads, or otherwise learns 
about (p. 535). 

scientific (sī ën tüf'k) method: the series 
of steps that a scientist follows in solving a prob- 
lem (p. 534). 

season: one of the four three-month periods 
of the year, during which the vertical rays of the 
sun are moving northward or southward toward 
or from the equator (pp. 226, 227 il.). 

sediment (s¢d’{ mënt): soild matter, such as 
soil, rocks, and leaves, that settles to the bottoms 
of streams and other bodies of water (pp. 4, 
53): 

sedimentary (sídYmtn'tàrf) rock: rock 
formed from the cementing together of the soil 
particles, stones, shells, and other bodies at the 
bottoms of lakes and oceans (p. 265). 

"seed: a structure formed in the pistil of a 
flower, which consists of a hard coat or shell 
surrounding a young plant, and food that the 
young plant will use in its early growth (p. 400). 

series (sér'ez) circuit (sür'kít): an electric 
circuit through every part of which all the cur- 
rent must flow from one terminal of the source 
of current, as a cell or a dynamo, before return- 
ing to the other terminal (p. 349). 
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{serum (sér'üm): the part of the blood that 

is left after the blood clots have been removed 
p. 449). 

*shadow (shád'o): a space from which some 
or all of the light from a source has been cut off 
by an opaque object (p. 176, leg.). 

short circuit (sür'kít): an additional and un- 
wanted path that develops in an electric circuit, 
through which part of the current leaves the 
desired circuit, is wasted, and may do damage 
(p. 351). 

silt: very small particles of sediment that set- 
tle out of still water (p. 53). 

simple machine: one of the six types of basic 
machines, namely, the inclined plane, the lever,” 
the pulley, the wheel and axle, the wedge; and 
the screw (pp. 308, 309, ils.). E 

Tskeleton (sk&l/e tán): of certaim inverte- 
brates, including all the insects, the hard cover- 
ing of the body; ofa vertebrate, the framework 
of bones inside the body, which supports it and 
protects certain organs, as the brain and heart 
(pp. 387-388, 417, 418, ils.). 

*soil: the mixture of eroded rock and humus 
that makes up the outer part of the earth's crust 
(pp. 251, 259, 466). 

soil-mining: growing the same crops on the 
same land year after year (p. 471). 

*solar (so/lér): having to do with the sun 
(p. 207). 

*solar (so'lér) system: the sun and all the 
bodies that travel around it (p. 207). 

*solid (sól'íd): a compact, rigid body that 
has a definite shape and volume (p.288); one 
of the three states of matter, the others being 
the liquid and gaseous states (p. 49). 

solstice (s0l’stis): one of the two days of the 
year, usually June 22, when the direct rays of 
è the earth farthest north of the 
ecember 22, when the 
farthest south 


the sun strik 
equator, and usually D 
direct rays of the sun strike 
(p. 226). 

*solution (so lü'shün): 
of a solvent and one or mor 
that are dissolved in it (p. 57). 

solvent (sól'vént): a substance, usually à 
liquid, as water, that disso 
(p. 57). 

space: 
which are all the stars am 
(pp. 20, 208). 


a mixture consisting 
e other substances 


Ives other substances 


the vast, nearly perfect vacuum in 
d other heavenly bodies 


: {spectrum (spék'trüm): the band of colors 
into which a beam of light is separated when it 
passes through a prism (p. 181). 

{sperm (spürm): a male sex cell, or repro- 
ductive cell (p. 400). 

{spinal (spi/nál) cord: the main nerve cord 
in higher animals, which extends through the 
backbone, or spinal column, from the brain 
(p. 416). 

{spore (spor): a reproductive cell, produced 
by certain simple plants or animals, that can 
develop into a new individual without uniting 
with another cell (p. 398). 

stability (sta bil’ ti): the tendency of a body 
to remain upright, or to return to its former 
position when it is tilted (p. 524). 

stamen (stá/m&n): a male reproductive organ 
of a flowering plant, in which is produced the 
pollen, from which the sperms develop (p. 400). 

standard time: the uniform time for all 
places within any time zone, which includes 
about 15 degrees of longitude (p. 225). 

*star, or Sun: à globe of hot, luminous gases 
in space (p. 240). 

states of matter: the three conditions of sub- 
stances as solids, liquids, and gases (p. 49). 

static (stát^Ik) electricity (¢ lčk tris’ ti): elec- 
tricity that is not moving, as a plus charge or a 
minus charge on a body (p. 325). 

sterilize (stér'l liz): to kill the disease germs 
on surfaces or in substances (pp. 53; 191). 

stoma (sto/má), or stomate (sto’mat) ; plural, 
stomata (stó/mà ta), Or stomates (std/mats): an 
opening on the under-side of a plant leaf through 
which gases and water vapor pass (p. 381). . 

storm: a disturbance of the air, accompanied 
by wind, rain, hail, sleet, or snow, and often 
also by lightning and thunder (pp: 144, il, 153). 
stratosphere (strüt'osfer): the part of the 
luded between two imaginary 

ch is from 5 to 


[stratum (strá tüm) ; 


solar system (pP- 207, 
tsun-spot: eruptions of huge m: 


from within the sun which appear 
sun's surface (p. 240). 


asses of gases 
dark on the 
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super-sonic (sii pér sén‘ik): faster than the 
speed of sound, or more than about 740 miles 
per hour (p. 503). 

surgery (sürjéri): the branch of medical 
science that deals with the correction of defects 
in bodily structures (p. 445). 

survival (sérviv/ál): of an individual, a 
continuing to keep alive; of a kind of organism, 
a continuing to exist on the earth for a long pe- 
riod of time (p. 376). 

switch: a device used for completing or 
breaking an electric circuit (p. 349). 

symptom (símp'tüm): anything that in- 
dicates a diseased condition of the body (pp. 451, 
452). 

system, or organ system: a group of organs 
that together carry on a complex process, such 
as digestion or circulation (pp. 364, 416). 


*telescope (tél/éskop): an instrument used 
to magnify distant objects, such as stars and 
other heavenly bodies (pp. 200, 211). 

television (tél'evizh ŭn): the process of 
transmitting and receiving, by means of radiant 
energy, images of events as they occur, and along 
with them the sounds that accompany them 
(p. 506). 

*temperature (tém’pér à chóór): a measure 
of the degree, or intensity, of heat (p. 92). 

tendon (tén'dán): a tough, cord-like tissue 
by which a muscle is attached to a bone (p. 417). 

terminal (tfr’mi nal), or binding post: one 
of the poles or metal parts of an electric cell or 
other electric appliance to which the wires are 
connected (p. 336). 

Ttheory (the'o ri): a reasonable explanation 
of how and why some happening occurred, 
based on all the known facts (p. 44). 

*thermometer (thér móm'e tér): an instru- 
ment used for measuring temperatures (p. 94). 

*tide: the rise and fall of the water in lakes 
and oceans, caused by the gravitational attrac- 
tion between the earth and the sun, and the 
earth and the moon (p. 232). 

*time belt: one of the divisions of the earth's 
surface, about 15 degrees of longitude wide, in 
which all places have the same standard time 
(pp. 225-226). 

*tissue (tish’60): a group or a mass of plant 
or animal cells of the same kind, which perform 
a certain function (p. 195). 


{topographical (töp 6 gráf' kal): having to 
do with the earth's surface features (pp. 164, 
270 il.) 

topography (to pég’ra fi): the surface fea- 
tures of an area, or "the lay of the land," in- 
cluding the hills, swamps, and streams (p. 52). 

tornado (tórnà'do): a violently whirling 
wind that is accompanied by a funnel-shaped 
cloud and that does great damage along a 
relatively narrow, and usually short, path 
(pp. 153-154, il.). 

{toxin (tók'sín): one of a number of poisonous 
substances, each produced by a different kind 
of disease germ (p. 448). 

transformer (träns fór'mér): a device for in- 
creasing or decreasing the voltage, or emf, of 
an alternating current (pp. 347, 348—349). 

Ttranslucent (trans lü'sént): capable of trans- 
mitting some light, but not enough so that ob- 
jects can be seen through the translucent sub- 
stance clearly (p. 177). 

transmitter (tríns mit’ér): an instrument 
that sends out messages or signals by electric 
currents or radio waves, to be received at a 
considerable distance (pp. 497, il., 505, 507, il., 
509, 512). 

{transparent (träns pér’ént): allowing light 
rays to pass through readily enough so that 
objects can be clearly seen through the trans- 
parent substance (p. 177). 

transpiration (trán spi ra’shtin): the proc- 
ess by which water evaporates from plants, 
usually from the leaves (p. 381). 

turbine (tür'bín): a type of engine that is 
driven by jets of water or steam directed against 
the curving blades of a wheel, causing it to 
rotate rapidly (pp. 74, 80-81, il., 521, il.). 


ultra-violet (ül'trà vi'olét) rays: radiant 
energy in the form of waves that are shorter 
than light waves and longer than X rays 
(pp. 118, 175). 

Tumbra (üm'brá): the cone-shaped, com- 
plete shadow cast by a planet or a moon, as 
during an eclipse (p. 231). 

uranium (i rà/nf tim): a heavy, radioactive, 
metallic element that is used as a source of 
atomic energy (pp. 277, 297, 298-299). 


*vacuum (vdk’i tim): a completely empty 
space (p. 20). 
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valve: a device, usually within a tube or a 
pipe, that serves to open and close a passage 
(pp. 39, il., 520—521, il.). 

{vaporize (va'périz): to change a liquid, 
as water, Or a solid, as Dry Ice, into a vapor, or 
gas (pp. 49, 119-120). 

ivegetation (vee tà'/shün): 
(p. 274). 

*vein: one of the plant structures through 
which sap containing dissolved foods and other 
substances passes to and from all parts of the 
leaves (p. 381); one of the blood vessels in the 
circulatory system of a higher animal through 
which blood flows back to the heart (p. 426). 

*velocity (vé lás'1:): speed of movement 
or distance covered per unit of time, as miles 
per hour (p. 137). 

{vertebra (vàx'te brå); plural, vertebrae 
(vàr'té bre): one of the bones that make up the 
backbone, or spinal column, of a vertebrate 
(p. 387). 

*vertebrate (vür'te brit): an animal that 
has a skeleton, or framework of bones, inside 
its body, and a spinal cord, which extends from 
its brain down through the backbone (p. 387). 

vibrate (vibrat): to move to and fro like 
something that is quivering or like the motion 
of the end of a springboard from which a diver 
has just leaped (pp. 199, 499, 516, il.). 

*vibration (vi brà/shün): the act of vibrat- 
ing; one complete movement of a vibrating 
body outward and back (pp. 199, 499). 

villus (vil'üs); plural, villi (vili): a tiny, 
finger-like structure in the small intestine 
through which digested food is absorbed into 
the blood (p. 426). 

virus (virus): a disease germ that has cer- 
tain characteristics of both a living thing and a 
non-living thing (p- 442). 

*vitamin (vi'tà min): one of a large number 
of non-energy foods, each of which is necessary 
to the normal development and functioning of 
a certain organ or organs (p. 422). 

*volcano (vol kà/no): a chimney-like open- 
ing in the earth from which gases, smoke, and 
masses of rock escape (PP- 3, 255-256). 

tvolt (volt): the unit of electrical pressure, 
or voltage (p. 334). 

voltage (volj), P.D., or emf: a difference 
in electrical pressure, which sends an electric 
current through a conductor (p. 334). 


plant life 


voltaic (vólta ^k) cell: a device containing 
a special liquid and either two metal plates or 
a metal and a carbon plate that together pro- 
duce an electric current by chemical action, 
thus changing chemical energy to electrical 
energy (p. 335). 

voluntary (vol'ün těr ï): 
act of choice (p. 414). 


produced by an 


water cycle (si'k'l): the continuous changes 
from water to water Vapor and from water vapor 
to water, or evaporation and condensation 
following each other in endless succession 
(p. 145). 

water table: the irregular surface of under- 
ground water that collects above bedrock 
(p. 51, il.). 

*water vapor: 
(p. 137). 

[watt (wot): the unit of electric power, 
which is equal to a current flow of 1 ampere 
having an emf of 1 volt (p. 342). 

wave: the type of disturbance that is caused 
by a vibration and that travels through matter 
as water and sound waves do, or through space 
as light and heat waves do (pp. 156, 175, 
499). 

*weather (wéth’ér): the constantly changing 
conditions of the atmosphere, such as humidity, 
temperature, sunshine, barometric pressure, and. . 
the direction and velocity of winds (p. 136). 

*weathering (wéth’ér ing): the process by 
which rocks are broken up and changed into 
soil (p. 259). 

white corpuscle (kór'püsl): one of the blood 
cells of several kinds, of which one kind “feeds 
on" disease germs and injured body cells 
(p. 427). 

Twork: 
(p. 294). 


X ray: aform of radiant energy, of extremely 
short wave length, that can penetrate flesh, 
making bones and other objects visible (p. 277; 


3 


yeast (yést): a non-green, one-celled, fungus 
plant (pp. 375, 316, il., 476). 


the gaseous state of water 


the process of moving an object 


*zoology (zo Slo ji): the science that deals 
with all animal life (p. 5)- 
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RR E NE IA es Sen 


Nore. An asterisk preceding a 


is part of the reference; 
reference includes more than on 


an asteris| 


page number indicates that an illustration 
k following a page number indicates that the 
e illustration; def., immediately following a 


term indicates that the meaning of the term is made clear by a label, a diagram, 
or the legend of an illustration; f. means “and the following page"; f. means 
*tand several following pages". 


Absolute zero, 21, 95 

Accidents, and inertia, 288*; 
causes and treatment of, 452 ff. *; 
deaths from, 452, 458 * 460, 
461*; electric shock and drown- 
ing, first aid for, 455 ee 

ACTH, 451 

Acid, def., 25 

Actions, voluntary and involun- 
tary, 414 

Adaptation, 403; def., 405* 

Adhesion, def., 288 y 

Adulteration of food, 434 f.; pure- 
food laws, 434 f. 

Advantage, mechanical, 313 

Agriculture, 147*, 386*, 400*, 
430*; arthropods helpful and 
harmful to, 391f.*; artificial 
reproduction of plants in, 399; 
damage to, from raindrop ero- 
sion, 261; destructive methods 
in, 469; dry-farming, 467 f.*; 
effect on, of dust in the air, 136; 
fertilization of soil, 475 £.; food- 
making, by plants, 379 f.; frost 
prevention in, 140 ff.*; impor- 
tance of water to, 471; plant and 
animal breeding, *407 f.; plants 
important to man, 377, 490; soil, 
importance and composition, 
466; soil-mining and, 470f.; 
soil protection, 474*; verte- 
brates that affect, 393 ff. *; water 


management and, 386*, 479, 
482, 484* 
Air, *24ff.; circulation of, in 


homes, 110f.*, 113 f:i compo- 
sition of, *24 ff. compressed, 
uses of, 36*, *40 ff.; condition- 
ing of, for buildings, 166* ff.; 
dustin. 25.1.4, 105%; 196; 327*; 
in soil, 17; in water, 17; move- 


ments of, *144 ff.; nature of, 21; 
water in, experiment on, 16 

Air-conditioning, 166 ff. * 

Air masses, *148 ff.; and climate, 
164 f. 

Air movements, *145 ff.; and bar- 
ometric pressure, 148, 151 

Air pressure, *35 ff.; and boiling 
point, 96; and molecules, 35; 
and winds, 148, 151; experi- 


ments on, 37*, 45 f; uses of, 
*38 ff. 

Airfoils, 529 

Airplanes, 208*, 324*, 517 p* 


functions of, 526*; structures 
of, 529 f.; types of, 530 

Airships, 208*, 272*, 324*, 526*, 
529 f., 530* 

Alchemy, 296, 303*, 306 

Alcohol, and automobile accidents, 
460; effects on human body, 
459 f. 

Algae, 375; importance of, 376 f. *; 
in drinking water, 52* 

Alhazen, 180 

Allergy, def. 25; caused by to- 
bacco, 458; treatment for, 444* 

Alloys, 272, 278; magnetic, 521 

Alternating current, def., *340 ff. 
characteristics of, 341; commer- 
cial generators of, 341 

Altimeter, 23 

Altitude, def., 18; and air pressure, 
23; and boiling point, 96; and 
climate, 166; and heating of 
earth’s surface, 147; and human 
beings, 170 

Aluminum, 278; abundance of, 
253*; use of, in clothing, 132; 
value of, 487 

Ameba, 427*; 
399* 


reproduction of, 
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Ampere, 342 

Ampère, André, 346 

Amphibians, as a group, 389*, 393 

Aneroid barometer, 23, 33* 

Animals, affecting man’s welfare, 
*387 ff.; behaviors of, *412 ff.; 
breeding of, *407 f; extinct, 
472*; groups of, *387 ff.; help- 
ful or harmful to man, *389- 
395; hibernation of, 168 f. *; 
invertebrate, *387 f., 390 fi 
mammals, 388, 401; migration 
of, 168 f.*; parasitic, 390; re- 
production in, *399 ff.; verte- 
brate, 387 ff.*, 393 ff.*; wild, 
conservation of, 16*, 479 fr 

Antarctic Circle, 227 * 

Anthracite, 106 

Antibiotics, 450 f. * 

Antibody, def., 448 f. 

Anti-cyclone, or high, 151 fn 

Anti-freeze solutions, 97 

Antiseptic, def., 54; soap as an, 
447 f. 

Applying your knowledge of sci- 
ence, 14, 32, 44, 72, 84, 100, 122, 
133, 161, 170, 185, 203, 220, 234, 
246, 269, 280, 291, 304, 315, 
331, 344, 358, 372, 386, 396, 
420, 438, 484, 494, 514, 532 

Archimedes, principle of, *527 ff. 

Arctic Circle, phar 

Argon, 24; in lamps, with neon, 
191; in lamps, with nitrogen, 
189 

Aristotle, 313 

Arteries, 426 ff. * 

Arthropods, def., *387 f., 390 ff.; 
effects on man's welfare, 390 ff. *; 
methods of combatting, 392 £.* 

Artificial lighting, 176 £.*, *187- 
191; development of, 174%; 


with electroluminescence, 191 *; 
with fluorescent lamps, 189 f.*; 
with incandescent lamps, 188 f. *; 
with vapor lamps, 190 f. 

Artificial rain-making, 144 

Artificial respiration, 455 ff.* 

Asexual reproduction in animals 
and plants, 398 f.* 

Assimilation, def., 429 

Asteroids, 207, *213 f. 

Astrology, def., 246 

Astronomy, *206-245; beginnings 
of, 206*, 207, 214; comets, 
216f.*; constellations, 242 f. *; 
Galaxy, 243 ff. *, 248*; meteor- 
ites, 217f.*; Milky Way, or 
the Galaxy, "24311; other 
galaxies, 344 f. *; solar system, 


207-219; stars, or suns, 240; 
Stone Age, 206*; the earth, 
*222-228; the major planets, 


*214 ff.; the moon, *228-233, 
237 4.*; the sun, *239 ff.; the 
terrestrial planets, *209-213 

Atmosphere, 17 ff.*;  earth’s, 
source of, 258; elements in. 
272f.; exploration of, 17 f.*, 
pressure of, *21 ff.; structure of, 
19 f.* 

Atmospheric pressure, 22 ff. *, 
35 ff.*; and altitude, 23; ex- 
periment on, 37* 

Atomic fission, *299 ff. 

Atomic pile, or nuclear reactor, 302 

Atomic radiations, dangers from, 
302 f. 

Atomic science, pioneer work in, 
*296 ff. 

Atoms, *283 ff.; as source of en- 
ergy, *296-303; bodies com- 
posing, 285*; “tagged,” 476* 

Atom smashing, 299 ff. 

Attraction, electrical, 326 f. *; mag- 
netic, 321, 323f.*; molecular, 
288 f.* 

Automobile engine, 522 f.*; re- 
moving heat energy from, 112 f.* 

Automobiles, 518*, 521; centrifu- 
gal force and, 287; cooling sys- 
tem of, 112f.*; engines in, 
522f.*; inertia and, 287 f.*; 
skidding of, 287; stability in, 
524; storage batteries in, 337; 
streamlining of, 526f.; useful 
friction and, 296; use of electric 
motors in, 338 


Aviation, 519, 526 f.*; 


heavier 
than air machines, 529 f.*; 
lighter than air machines, 32*, 
529; rocket and jet engines for, 
5256 

LI 

Bacteria, def., 27, 375f.*; and 
drinking water, *54ff.; and 
food spoilage, 432; and high 
frequency waves, 503; and the 
"wonder drugs,” 450 f.; carried 
by insects, 391 f.; causing dis- 
ease, 377, 441*; in the soil, and 
legumes, 474 f.; of decay, 475; 
swimming, 363*; types of, *442; 
white blood cells and, 427* 

Balance of nature, 404 

Balloons, 529; early ascensions in, 
20, 32*; for gathering weather 
data, 18 f.*, 158 

Barometer, def., 18; aneroid, 23*, 
33*; mercury, making a, * 21 ff.; 
water, 23* 

Barometric pressure, 137, 158; and 
winds, 148 

Battery, def, 337; lead storage, 
337* 

Bearings, ball and roller, 295 f.* 

Bedrock, 51 f.* 

Beebe, William, 76 

Behaviors, *412-418; automatic, 
414f.*; involuntary, 414; of 
animals, 412 f.*; of plants, 413; 
structures producing, *415-418; 
voluntary, 414 

Bell, Alexander Graham, 504 

Bell, electric, 353 f. * 

Belts and gears, 316* 

Biological chain, 4 f.*, 
*402 ff. 

Biology, def., 5; branches of, 5* 

Birds, as vertebrates, 394; conser- 
vation of, 479; insect-eating, 
394; instincts of, 414; protec- 
tive adaptations of, 405* 

Bituminous coal, 106 

Block and tackle, 281 *, 310 f. * 

Blood, and excretion, 429 f.; first 
aid for loss of, 453 ff. *; in circu- 
latory system, *426-429 

Blood cells, 363*, 427* 

Blood vessels, 426 ff.* 

Boiling, and evaporation, *96 f.; 
point, factors affecting, 96 ff. 

Bones and joints, 417f.*; as le- 
vers, 309 


374%, 
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Botany, def., 4 

Brain, 416*; a mammal's, experi- 
ment on, 420 

Breathing, 429 

Breezes, land and sea, 166* 

Broadcasting, for radio, 509 f.*; 
for television, 509 ff. * 

Bruises, 429 

Budding, 363*, 398 f.* 

Building materials, conservation of, 
28, 488 ff., 495*; from the earth, 
278; substitutes for, common, 
491* 

Bulletin board displays, sugges- 
tions for, 46, 85, 163, 236, 239, 
248, 332, 473, 486, 495 

Buoyancy, def., *527 ff.; and boats, 
528 f.*; and dirigibles or blimps, 
529 

Burbank, Luther, 407 * 

Burning, 89, *102 ff. 

Byrd, Admiral, 88 f. *, 95 


Caisson disease, 78 

Caissons, 78 f. 

Calcium compounds and hard 
water, *62 ff. 

Calm belts, 148 f. * 

Calories, 95, 100*; values of foods 
in, 440 

Camera, 200f.*; comparison of, 
with eye, 196*; the "Big Eye" 
a, 211 

Cancer, 444 f., 451; possible rela- 
tion to smoking, 458 

Capillaries, in circulatory system, 
426 ff. *; in the soil, 468* 

Capillarity, def., 467 f.*; experi- 
ment on, 485 

Carbohydrates, as energy foods, 
def., 422 f. 

Carbon dioxide, 24; characteris- 
tics and importance of, 29; com- 
mercial uses of, 29; in solid 
form as Dry Ice, 29 

Carbon  dioxide-oxygen 
381 £5 

Carbon monoxide, danger from, 
107, 455 

Cells, biological, *362-369; func- 
tions of, 364; needs of, 365 ff.; 
osmosis in, 365 f.; structures of 
living, *362 ff. 

Cells, electrical, *335-338; char- 
acteristics of, 337f. storage, 
336 f.; voltaic, 335 f. * 


cycle, 


Cells, of thunder-storm, 153 

Centigrade temperature-scale, 94 f. 

Central-heating systems, *114-118 

Centrifugal force, def., 287 f. 

Chain, biological, 4f.*, 
402 ff.* 

Chain drive, 307* 

Chain reactions, in atomic fission, 
301 f.* 

Changes, 
def., 257 

Characters, hereditary, def. 405 

Charges, electrical, *325 ff. 

Chemical changes, def., 257; in 
simple cell, 335 Er 

Chemical energy, 292 f., 305 

Chemical symbols, formulas, and 
equations, 33, 48, 61, 62, 270, 
284, 291, 301, 302, 336, 366 

“Chemistry Tree,” 291 z 

Chimneys, functions and operation 
of, 113 f. 

Chlorophyll, def., 374 f.; 
photosynthesis, 379 ft 
Chordates, as an animal group, 

387* ff. 

Cigarettes, and health, 457* ff. 

Circles, Antarctic and Arctic, 
227*; great, 223 je 

Circuit-breakers, 351 ff. 

Circuits, electric, def., 335; com- 
plete, 334 f.; external, def., 340; 
house, 350; overloaded, 351; 
series and parallel, 349*f.; 
short, 351 ff. 

Circulation, def., 110; of blood, 
427 * ff.; relation of, to cuts and 
bruises, 429 

Circulatory system, 
*426 ff. 

Classes of foods, *422 ff. 

Classification of plants and ani- 
mals, 375 ff. 

Climate, *164-170; and humid- 
ity, 1671; and life, 168 f", 
171*; and man, *168 ff; fac- 
tors affecting, 164 ff.*; indoor, 

-166 ff.*; types of, 164 

Clothing, dry cleaning of, 66, 72*; 
for different seasons, 130* ff.; 
laundering, in home, 65* f.; new 
fabrics for, 131 

Clouds, 137 *, 140 f.*, 162* 

Coal, burning of, in mines, to pro- 
duce gas, 490; formation of, 
274f£.*; kinds of and uses of, 


374*, 


physical and chemical, 


and 


human, def., 


106; mining of, 275*; products 
from, 7f.*, 275; resources of, 
438; substitutes for, 491 

Coal Age, 274* 

Coffee and tea, 453 

Cohesion, def., 288 | 

Coke, 106 f.; manufacture of, 
102*, 106 £.; uses of, 106 f. 

Cold waves, 151 

Color, *180 ff; by reflected and 
transmitted light, 182, 185; ef- 
fects of, upon lighting; 192, 194 * 

Combustion, 102 f. *; experiment 
with, 123; factors affecting, 
102 8.*; products of, 103*, 105 

Comets, 216 f. * 

Communicable diseases, def., 
*441 ff.; bacterial, 441 *; pre- 
ventive inoculations against, 
448 ff.; protozoan, 390; spread 
by arthropods, 391 f. 

Communication, *497-512; by 
disc recordings, 506 f.; by mo- 
tion pictures, 508 f.*; by radar, 
512f.*; by radio, 509 f.*; by 
telegraph, 504 ff.*; by tele- 
phone, 506 f.*; by television, 
509 ff. *; by wire or tape record- 
ings, 507 £ 

Community applications of sci- 
ence, special exercises on, 46, 61, 
64, 10, 73, 85, 270, 306, 485, 495 

Compass, gyro^ 325; magnetic, 
323 1,*, 325, 3315, 929^ 341*; 
radio, 325 


Compounds, def., 62; and ele- 


ments, from sea water, HAN Se 
in hard water, *62 ff. 
*38-43; ma- 


Compressed air, 
chines using, 40 Gt 

Compression, relation of, to heat, 
90 

Condensation, *138 ff.; and evap- 
oration, 138 ff.; and precipita- 
tion, *138 ff.; forms of, *140 ff. 

Conduction of electricity, *333 ff. 

Conduction of heat, 108 f.*; com- 
pared with convection and radi- 
ation, 113; in clothing, 130 fect 

Conservation, *463-496; and acci- 
dents, 458 ff. *; of food, 473 fI. *; 
of forests, 477 2.5 of health, 
54 f, 441 ff.*; of hearing, 
503f.*; of heat, 129 ff.; of 
matter and energy, 282, 301; of 
metals, 28, 491 f.*; of minerals, 
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487 ff. *; of soil, 466 ff.*; of vi- 
sion, 197 ff.*; of water, 471, 


479, 481; of wild life, 16*, 
479f.*, 481, 484; scope of, 
492 f. 


Conservation of energy, 83; law 
of, 282 

Conservation of matter and energy, 
282, 301; law of, 282 

Constellations, 242 f. * 

Consumer science, 44, 60, 71, 84, 
122, 134, 161, 167, 170, 185, 
203, 234, 280, 290, 304, 315, 
331, 344, 357, 386, 396, 410, 
438, 461, 484, 494, 514, 532 

Contamination, of milk, 434; of 
water, *54 ff. 

Contour lines, 270* 

Convection, 109 ff. *; and venti- 
lation, 110 f.; and winds, 110; 
in an automobile radiator, 112; 
in gases, 110 f.*; in liquids, ex- 
periment on, 109 fi* 

Cooking food, reasons for, 435 £.* 

Copernicus, 207 

Corpuscles, blood, red and white, 
363*, 427* 

Cortisone, 451 

Craters, of the moon, 229 f.* 

Craters, volcanic, 6 f. x 132201: 
230, 255* 

Crops, and radio-activity, 380; and 
soil erosion, 25*, *467 ff., 471; 
damage to, by thunder-storms, 
153; forést, 476; from flower- 
ing plants, 377; from fur farms, 
480; frost prevention to save, 
140 ff.*; of fish, 476 f.*, 480%; 
pests attacking, 392; soil man- 
agement and, *473 ff.; weather 
information and, 158; yields of, 
jncreased by insects, 390 

Crust of the earth, *252 ff.; bal- 
ancing movements of, 264 £.* 

Curies, discovery of radium by the, 
297 

Current, cell as source of, *335 fE; 
conductors of, 333; direction of 
flow of, 336; electric, *333-341; 
electromagnets and, *338 ff; 
generators of, 341 £.* 

C vitamin, experimenting with, 438 

Cycle, life, 361. Sel 1:5 449*; 


matter and energy; 368; oxygen- 
carbon dioxide, 381 fte 
145, 386* 


water, 


Cyclones, or lows, 151 ff. * 
Cyclotron, 299 f.* 
Cytoplasm, def., 362 f., 365, 367 


Dams, 86*, 463*; construction of, 
77f.; for irrigation and power, 
and deposition, 264, 479; to 
furnish water power, 80* 

Death and decay, essential to con- 
tinuance of life, 368 f. 

Deaths from accidents, 458* 

Decay, bacteria of, 475 

Deficiency diseases, 443 f.* 

Deforestation, 368 f.*; effects of, 
469 

Density, 109; of major planets, 215; 
of matter, 286; of space, 245; 
of the moon’s atmosphere, 229; 
of the sun, 239 

Dental examinations, 452* 

Dependent organisms, 374 ff.*; as 
parasites, 377, 390; as sapro- 
phytes, 377 

Deposition, and irrigation proj- 
ects, 264, 479; by streams and 
glaciers, 264 

Deserts, 164; life on, 168, 171* 

Detergents, 64 

Dew, 140 

Dew point, conditions determin- 
ing, 139 ff.; experiment on, 
138 f. 

Diesel engine, 342*; comparison 
with gasoline engine, 525; op- 
eration and uses of, 523 

Diet, balanced, *423 ff.; table for 
planning, 440 

Diffusion, experiment on, 373; of 
light, 178 f., *192£; of mole- 
cules, 366 f. 

Digestion, 424 ff.*; summary of 
process of, 426 

Digestive system, 424 f. * 

Direct current, def, 340 ff.*; 
sources of, *335 ff. and 341 f.*; 
uses of, 342 

Diseases,  *441—452; allergies, 
444f.*; Black Death, 8; cais- 
son disease, 78 f.; cancer, 444 f., 
451, 458; deficiency, 443f.*, 
445; germ, *441 ff.; high blood 
pressure, 445; infectious, 434, 
*441 ff.; methods of prevention 
of, *446 ff.; non-germ, *443 ff.; 
of the heart, 445; parasites caus- 
ing, 390, 435; rats as spreaders 


of, 394; transmitted by arthro- 
pods, 391 f.*, 448* 

Disinfectant, 54; and waste dis- 
posal, 68 f.; and water purifica- 
tion, 57; soap as a, 447 f. 

Dispersion of light, 181* 

Distances, experiment on, 248 

Distillation, of water, 53* 

Distribution of water, methods of, 
F5] T. 

Diving suits, *78 f. 

Dog Grotto, 32 

Dormancy, of plants, 169 

Driving hazards, 178 f.; reducing, 
179 

Drowning, first aid in cases .of, 
455 ff.* 

Drugs, habit forming, 457 f., 460 

Dry cell, *335 ff. 

Dry cleaning, 66; and static elec- 
tricity, 329; right and wrong 
methods of, 71 f.* 

Dry Ice, characteristics and uses, 
119 £.; nature of, 29 

Dust in the air, 25f*; and 
weather, 136; explosion of, 
105*; removal of, 327* 

Dust-storms, 25*; and conserva- 
tion, 467; prevention of, 474* 

Dynamos, or generators, *338—342, 
344; a-c, 340f, 345%; d.c, 
341 f., *344 f.; uses of, 338 


Ear, *502 ff.; care of the, 503 f.* ; 
structures of and their functions, 
502 f.* 

Earth, the, as a magnet, 324 f. *; 
as a planet, 211f.*; crust of, 
252 f.*; effects of gravity on the, 
254, 258; elements and com- 
pounds from, *271-278, *487- 
493; location of places on, 
*222 ff.; measurement of time 
on, 224 ff.*; revolution of, 209, 
219; rotation of, 148, 224 ff.*; 
seasons on, 226 ff.*; structure 
of, *250-254; surface changes 
of, *254—267; the moon a satel- 
lite of, *228-233 

Earthquakes, 256 f. * 

Earth’s axis, tilt, or inclination of, 
220 

Echoes, 502 

Eclipses, 230 ff. *; causes of, 231 f. * 

Ecology, 402; of the eel-grass 
chain, 4 
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Edison, Thomas A., 188*, 507* 
Efficiency, of a machine, 313 f., 
316; of a steam turbine, 521 

Egg cell, or egg, 400 f.* 

Electric bell, 353 f. * 

Electric cells, *335—338, 344; 
characteristics of, 337 f.; simple, 
335 f.*; storage, 336 f.; uses of, 
336 

Electric currents, 333 ff.*; con- 
ductors of, 333 f.; direct and al- 
ternating, 340 ff., *344 f.; direc- 
tion of flow, 336; heating with, 
354; measurement of, 334; 
plating with, 355*; protection 
against, 351 ff.*; sources of, 
*335-342, *344 f. 

Electric energy, measurement of, 
353; transmission of, 347 ff.*; 
uses of, 332* 

Electric heating, 354 f. 

Electric lamps, *188 ff; fluores- 
cent, 189f.*; incandescent, 
188 f.*; vapor, 190 f. 

Electric locomotives, 319*; diescl- 
electric, 342*, 359 

Electric meter, 357 f.* 

Electric motors, compared with 
generators, 342 f.; uses of, 338 
Electrical charges, how produced, 
*325 ff.; nature of, 325; prin- 
ciple of attraction and repulsion 

of, 326 

Electrical circuits, 334; complete, 
334; house, 350; overloaded, 
351; series and parallel, 349 f.*; 
short, 351 f. 

Electrical currents, *333-343; and 
generators, or dynamos, and 
motors, *338 ff.; cells as sources 
of, *335 ff.; direct and alternat- 
ing, 340 ff., *344f.; in the 
home, *349-354 

Electrical energy, and lightning, 
329*; uses of, 332* 

Electricity, static, *325 ff; and 
current, 333; and lightning, 
*327 ff.; how produced, *325 ff; 
nature of, 325; principle of at- 
traction and repulsion in, 326 

Electroluminescence, 191 * 

Electromagnet, construction of, 
338 ff.*; experiments with, 
*338 ff.; uses of, 340*, 348* 

Electromotive force, or emf, 333 f. 

Electron microscope, 201 


Electron theory, 284 ER 

Electrons and atoms, 285 f.* 

Electroplating, 355 ft 

Elements, def. 217; differences 
among, 285 f; from sea water, 
27115 man-made, 302; nat- 
ural, 285; radioactive, 298 ff., 
302 

Embryo, development of, 401*; of 
animal, 401*; of plant, 400 f. 

Energy, def. 74; and friction, 
294 ff.*; atomic, *298-303; ki- 
netic, 293*; mechanical, 305; 
new sources of, 491 f.; of mov- 
ing water, *80 f; of steam, 74; 
potential, 292 f.*; radiant, forms 
of, 89, 111 f., 175, 298*; wasted, 
294; work and, 294; work, 
force and, *292-305 

Energy foods, 422 f. *; chart of, 440 

Engines, 519 ff.*; external-com- 
bustion, 519 ff.*; internal- 
combustion, 521 ff. *; steam tur- 
bine, 521*; water turbine, 80 f. * 

Environment and adaptation, 405 

Equinoxes, 226 fae 

Erosion, def., 260, *258-265; agents 
of, *2611f; and deposition, 
263 ff.; by flash floods, 469, 
484*; by rain drops, 261, 268*, 
469; desirable, 470; gully, 467, 
469f.*; means of reducing, 
474*; of agricultural soil, 265; 
relationship of, sheet, 467; to 
weathering, 263 

Evaporation, and crops, 467 £.*; 
and health, 166 ff.*; and the 
water cycle, 145; as a weather 
factor, 137 ff., 142 £.; effects of, 
91 £., 131; from plants, 381, 386* 

Excretion, def., 429; organs and 
products of, 430 

Expansion, and heat, 90 f.; exper- 
iments on, 101, 123, 270; of 
freezing water; 260; of water, as 
steam, 74 

Explosion, and oxidation; 27; dust, 
105*; of Krakatoa, 256 

Extinguishing fires, *125 ff. 

Eye-glasses, 197 £.*; refraction, in 
fitting, 179 

Eyes, "195ff,; care of, 194 f. * 
197 ff.*; compared with cam- 
era, 196*; correcting defects of, 
with lenses, 197 f. *; structures of, 
and their functions, 195 ff.* 


Fahrenheit temperature scale, 94 f. 

Farm animals, diseases of, 390, 
392; improvement of, 406 f. *, 
408* 

Farm ponds, 482*; and the water 
cycle, 386*; fish crops from, 
476 f. 

Farming methods, destructive, 
469 f.; good, *474 ff., 482* 

Fats, as energy foods, 422 f. *; food 
values of, 440 

Faults, nature and effects of, 257 

Ferns, 376*, 399* 

Fertility, of soil, *473 ff.; atomic 
research and, 476; commercial 
fertilizers and, 475 f.; decreased 
by soil-mining, 471; humus, a 
necessity for, 475; increased by 
thunder-storms, 329*; provided 


by growing legumes, 474 £.*; 
weeds and, 476 
Fertilization, in reproduction, 


400 £.* 

Fertilizers, *474 ff; in water, for 
fish crops, 476 f. 

Fibrovascular bundles, 382 f.* 

Field of force, magnetic, 322 ff.* 

Filtration, 55 f. 

Fire, destruction by, 
478* 

Fire damage, reducing, *124 ff.; 
by building construction, 125, 
350£; by fre prevention, 
*126 ff; with fire-proof paint, 
128 

Fire extinguishers, 125; various 
types and operation of, 134* 

Fire fighting, 70*, *124 ff. 

Fire prevention, methods of, 
*126 ff., 350 f. 

Fireproof construction, 125, 128 

Fireproof paint, 128 

Fires, causes of, 133* 

First aid, *452-457; before the 
doctor comes, 452 f; for bleed- 
ing, 453 ff*; for dislocations, 
457; for drowning and other 
cases needing artificial respira- 
tion, 455 ff.*; for minor inju- 
ries, 452 f.; for shock, 455 

Fish, as available food, 476; as 
"crops? in farm ponds and 
coastal waters, 477; conserva- 
tion of, 16, 480; reproduction 
rate of, 404 

Fishes, as à group: 393 
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124, 469, 


Fission, atomic, 300 f.*; in repro- 
duction, 398 f.* 

Flame, experiment with light from, 
204 

Floods, 484*; control of, and for- 
ests, 469; methods of control, 
479 

Flower, structures of, *400 f. 

Flowering plants, *377 ff.; and 
photosynthesis, 379 ff.; impor- 
tance of, to man, 377; structures 
of, 380ff.*; transpiration by, 
381, 386*; undesirable, 377; 
wild, conservation of, 484 

Flying machines, 529 L*; air- 
planes, 208*, 324*, 517, 526*, 
529 f.*; balloons, 18 15.20, 29; 
158, 529; blimps, 2125-529; 
helicopters, 529, 530* 

Fog, 137*; diffusion of light by, 
179; formation of, 140*; the 
sodium-vapor lamp for usc in, 
191 

Food chain, 374*; ecl-grass chain, 
*4 f. 

Food chart, 440* 

Food preserving, methodsof, 431 ff. * 

Food spoilage, dangers from, 432 

Foods, *421-436; absorption of, 
425 f.; adulteration of, 434 f.; 
and balanced diets, 424; classes 
of, 442 ff.*; cooking of, reasons 
for, 435 f.; digestion of, 424 ff. *; 
fortified, 423*; laws concerning 
purity of, 432; new sources of, 
476 £.; nutritional values of, 
440; preservation of, *430 f. 

Foot candle, 203* 

Force pump, 41* 

Force, work, and energy, *292-303 

Forest conservation, 478 £.*, 481 

Forest fires, 469*, 477 

Forest trees, enemies of, 477 f. 

Forests, Coal Age; DqA IR 

Fossils, 250, 266 f., 269* 

Franklin, Benjamin, 328, 336, 337* 

Freezing, experiment on expansion 
with, 270 

Freezing points, 94 f., 99 

Frequency, of sound waves, 503"; 
audible and inaudible, 503*; 
ultra-sonic, 503* 

Friction, def- 90, 294 ff.*, 526£; 
and efficiency; 313; electricity 
produced by; 325; heat from, 
90; types of, 305*; wanted and 


unwanted, 295 f.*; ways of re- 
ducing, 295 f., 526 f.; work and, 
295 f. 

Fronts, nature and types of, 151 f. * 

Frost, 140 ff.*; damage from, 
140 ff.*; formation of, 140; 
methods of preventing, 140 ff. * 

Fruits and vegetables, in diet, 423, 
440 

Fuels, composition of, 105; con- 
servation of, 488 ff. *; kinds and 
sources of, 106 ff. *, 275 ff. * 

Fungi, 375 f.*; as a group, 385*; 
as parasites, 377; edible, 385; 
importance of, 376 f.* 

Fuse, electric, 351 f.*; experiment 
with, 358 

Fusion, thermo-nuclear, 306 


Galaxies, 245 
Galaxy, the, 
243 ff. * 
Garbage, conversion of, 69; dis- 

posal of, 69 f.* 

: Gardens, 378*; and snails, 390; 
fungi in, 375; pests in, 392; 
value of toads in, 393 

Gas, as fuel, 108; as source of gaso- 
line, 490; as substitute for coal, 
491; carbon monoxide, 107, 
188, 455; natural, sources of, 
215 ffo 

Gas lamps, 177, 188 

Gas poisoning, 455 

Gasoline, a product from petro- 
leum, 277; as cleaning fluid, 66, 
72*; dangers from, 66, 72*, 
121*; for use in lamps, 177, 188; 
new sources of, 488; wasting, 
493* 

Gasoline engine, 522 f. * 

Gastric juice, 425 

Gears, 316* 

Geiger counter, 277 f. * 

Generators, or dynamos, *338- 
342, 344; alternating current, 
340 f, *344 ff.; direct current, 
341 f., *344ff.; in diesel loco- 
motive, 342*; uses of, 338 

Germ disease in plants, 4 f.*, 478 

Germ diseases, prevention of, 
*445 ff.; by inoculations, 448 ff, 

Germicidal soap, 447 f. 

Germicides, def., 54; and waste 
disposal, 68 f.*; and water puri- 
fication, 57; soaps as, 447 f. 


characteristics of, 


Germs, disease, 391, 394f.*, 
*441 ff.; carried by arthropods, 
391; carried by rats, 394 f.; com- 
batting, with “wonder drugs," 
450 f.*; destruction of, 447 ff.; 
fungi as, 377, 442*; protozoans 
as, 390, 442; types of, 442 f.*; 
viruses as, 442 f. * 

Glaciers, 262* 

Glands, adrenal, 416; duct, 424 f. *; 
ductless, or endocrine, 416 f; 
pituitary, 416; salivary, 424 f.*; 
thyroid, 416 

Glandular system, 416 f. 

Glass, as building material, 125, 
178*, 278; as insulating mate- 
rial, 130; dispersion of light by, 
181; passage of light through, 
177; passage of radiant energy 
through, 111f.; refraction of 
light through, 179 

Glasses, for defective vision, 197 f. *; 
refraction in fitting, 179 

Grafting, 399 

Gravitational attraction, and grav- 
ity, 208 f.; in the solar system, 
209 

Gravity, def., 57; and changes of 
the earth’s surface, 254, 258; and 
gravitation, 208 f.; and tides, 
232 f.; and water flow, 57 f.*; 
center of, in car design, 524 

Great circles, 223 f.* 

Great Ice Sheet, 264 

Green manure, 475 

Green, or independent, plants, 
*377-384; and food-making, 
379 f.; and the oxygen-carbon 
dioxide cycle, 381; atomic re- 
search and, 379 f.; changes in, 
405 f.; chlorophyll and, 374 f.; 
importance of, to man, 377; im- 
provement of, by breeding, 407; 
rate of reproduction from seeds, 
401; reproduction of, 384, 
398 f.*, 400f.*; structures of, 
*380-384, 400 f.*; transpira- 
tion from, 381, 386*; use of 
sun's energy by, 380 

Ground water, *51 ff; and ero- 
Sion, 260, 263; conserving of, 479 

Growth, plant, reproduction by 
controlled, 399; dependent on 
death and decay, 3681; in 
cells, 367; of stems, 381; rela- 
tion of, to sunlight, 377, 381 
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Habit-forming drugs, 457 f., 460 

Habits, food, 424; rules for devel- 
oping and breaking, 414 

Hail, 144 f.* 

Hard water, 62 ff. *; damage from, 
64; experiments with, 72f; 
kinds of, 63 ff.; softening of, 
64 f.* 

Hearing aids, 504* 

Heat, 88-95; a form of energy, 89, 
298*; and contraction and ex- 
pansion, 90f.; and fuels, 
106 ff.*; and light, 175, 178; 
and molecular motion, 100 f,; 
and temperature, differences be- 
tween, 92 ff.; distribution of, 
*108 ff.; evaporation and, 91 f.; 
expansion and contraction of, 
experiments with, 101, 123; 
measurement of, 95, 100*; pro- 
duction and use of, *102-120; 
relation of, to compression, im- 
pact, and electricity, 90; rela- 
tion of, to friction, 90, 492; 
sources of, 89 f. 

Heat transfer, *108 ff.; by conduc- 
tion, 108f.*; by convection, 
*109 ff.; by radiation, 111 f.* 

Heating, unequal, of the earth's 
surface, 145 ff.*, 227f.*; and 
air movements, 145 ff.* 

Heating stove, 114*, 175 

Heating systems, *113-118; com- 
parison of types of, 116 £; hot 
air, 114 ff.; hot-water, 115 f. *; 
pipeless furnace, 123; radiant, 
1185. 122*: solar, 118, 122* 
steam, 116 f.; the heat pump, 
117; the warm-air fireplace, 
qi 

Helicopter, 530* 

Helium, 29, 78 

Heredity, *405 ff. 

Hibernation, 168 f. * 

Hidden hungers, 443 f.* 

Higher animals, *387—-395; repro- 
duction in, 399 fT. * 

Highs, or anti-cyclones, 151 ff. * 

Homes, air conditioning in, 
166 ff.*; dry cleaning in, 66, 
72*; electricity in, 347, *350 ff.; 
heating of, *113-118; labor- 
saving devices for, 65 f.*, 313; 
lighting of, *191 ff.; ventilation 
of, 110 f. 

Hooke, Robert, 360 


Hormones, as drugs, 451; defi- 
ciencies of, and resulting dis- 
eases, 445; sources of, 416 f.; to 
aid root development, experi- 
ment with, 410 

Horsepower, experiment determin- 
ing, 317; relation to work and 
machines, 314* 

Hot-air heating systems, 114 $55 123 

Hot-water heating systems, 115f.* 

House fly, as a germ carrier, 391, 
448; exterminating, 448; life 
history of, 449*; man's worst 
enemy, 394; rate of reproduc- 
tion of, 404 

House wiring, *350 ff. 

Human beings, behavior of, *412ff.; 
conservation of, *441—462; men- 
tal development of, 412 

Human body, circulatory system 
of, *426 ff.; clothing for, 130 pus 
digestive system of, 424 ff.*; dis- 
eases of, 78, *441 ff; excretion 
in, 429 £.; first aid for, *452- 
457; glandular system of, 416 £.; 
lymphatic system of, 427; mus- 
cular system of, 417; nervous 
system of, 416*; prevention of 
disease in, *445-452; skeleton 
of, 417 f.* 

Humidity, 163; relation to health 
and comfort, 167 £.*; relation to 
other weather factors, 137 f.; 
relative, measuring, 162 £a 

Humus, and soil bacteria, 475; im- 
portance of, 466; methods of 
adding, to soil, 475 f.*; sources 
of, 259 

Hurricanes, characteristics of, 
155 f.*; work of weather bureau 
and, 155 

Hybrid, def., 407*, 408*, 410* 

Hydraulic machines, 82 f.* 

Hydrogen, def., 26; atom of, 285^: 
experiment on preparation and 
study of, 61*; heavy, 301; in 
water, 48; isotope of, 301 

Hygiene, def., 9; importance of 
soap in, 8 f., 447 f.*; in care and 
preparation of food, *430-436; 
in care of human body, *445- 
460; in disposal of wastes, 
66 ff.*; in maintaining a pure 
water supply, *54 ff. 

Hypodermic injections, 444 f.*; 
preventive inoculations, 448 ff. 


Ice, a state of water, 49*; as agent 
of erosion, 260, 262*; as crystals 
in snowflakes, 143*; as hail 
stones, 144 f.*; melting of, un- 
der pressure, 99*; pellets of, as 
sleet, 144* 

Ice, Dry, 29; dangers from, 120; 
use of, in refrigeration, 120 

Illumination, artificial, 174*, 
188 ff. *; in fog, 191; in homes, 
*191-195, 201*; natural, 187 f., 
191 f.*; of streets, 189*; on 
highways, 179*; strength of, 
203* 

Images, 178; in a camera, 200; in 
a lake, 173*; in a plane mirror, 
experiment on, 186; in a rear- 
view mirror, 197*; in defective 
vision, 197 ff.*; on the retina, 
196 f. 


Immunity, from diseases, 449 *; 
through inoculations, 445*, 
448 ff. - 


Improvement of plants and ani- 
mals, *406 ff. 

Incandescent lamps, 188 f.* 

Inclined plane, 308*, 311 

Incombustible substances, 105; as 
building materials, 125, 130, 
278; as insulation, 125, 130, 278 

Independent, or green, plants, 
*377-384; and food-making, 
379 f.; and the oxygen-carbon 
dioxide cycle, 381; atomic re- 
search and, 379 f.; changes in, 
405f.; chlorophyll and, 374 f.; 
importance of, to man, 377; im- 
provement of, by breeding, 407; 
rate of reproduction from seeds, 
401; reproduction of, 384, 398 f. m 
400 f.*; structures of, *380-384,. 
400 f.*; transpiration from, 381, 
386*; use of sun’s energy by, 380 

Induction, magnetic, 323 £h uf 
electric currents, *338 ff., *345 

Inertia, def., 287 T 

Infection, reducing chances of, 
447 f.*; by first aid, 447; by 
killing discase carriers, 448; by 
preventive inoculations. 338 ff. x 
by sanitary measures, *66-77, 
447; by surgery, 450; by use of 
soap, 447* 

Infra-red rays, 175, 298*; and 
frost prevention, 142*; speed of, 
175; sun as source of, 89 
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Inheritance, laws of, 409 

Inoculations, or injections, for pre- 
venting and curing diseases, 
444 f. *, 448 ff. 
Inorganic matter, def! 252 
Insecticides, uses of, effectiveness 
of, and dangers from, 392 £.* 
Insects, as arthropods, 387; harm 
done by, 391 f. *; helpful to man, 
390 f., 393; methods of killing, 
392 f.*, 448 

Instinctive actions, 414, 420* 

Insulation, def., 109, 130 ff.*; fire 
and heat proof, in buildings, 125, 
129 f.*, 278; in appliances and 
machines, 119, 130; in clothing, 
131£*; in relation to convec- 
tion and conduction, 130 ff. 

Insulators, of electricity, 333 frof 
heat; 109, 119, 130 ff. * 


Internal-combustion engines, 
*521 ff; diesel, 342*, 523 uM 
gasoline, 522f.*; jet, 208 vs 


523 f.; rocket, 523 Le 
Intestines, digestion in, 425* 
Invertebrates, def., *387 ff.; groups 

of, 388*; methods of killing, 

392f.*; relation to man's wel- 

fare, 389 ff. * 

Ionosphere, 19 ff.*; effect of, on 

radio broadcasting, 509 
Iron, conservation of, 28, 489, 490, 

492; diminishing supplies of, 

488; in earth's core, 253; in 

meteorites, 217, 218*; mining, 

489*; substitutes for, 491*; the 

most valuable metal, 487 
Irrigation, crops and, 479 
Irrigation projects and erosion, 264 
Isotopes, def., 298, 301 


Jet engines, 208*, 523 f.* 
Jet plane, 208*, 523 f. 
Joints, types of, 417 
Jupiter, 215* 


Kerosene, a product of petroleum, 
277; as fuel for jet engines, 524; 
Jow kindling point of, 188 

Kerosene lamps, 188 

Kidneys, function of, 430 

Kilowatt, 342 

Kilowatt-hour, 353 

Kindling temperature, or kindling 
point, 105 it 

Kinetic energy, 4¢f-» 293 £.* 


Labor-saving devices, 65, 313 

Lake, sea, and land breezes, 166*; 
effects on climate, 166 

Lamps, *187 ff; electro-lumines- 
cent, 191; first electric, 188*; 
fluorescent, 189 f.*; incandes- 
cent electric, 88 f.*; kerosene, 
gasoline, and gas, 188; types of, 
187 ff.*; vapor, 190 f. 

Land management, *473 ff., 482* 

Land transportation, advances in, 
519; stability in devices for, 
524 f. 

Langmuir, Irving, 144 

Latitude and longitude, 222 f.* 

Laundering, 65 f. * 

Lava and magma, *254 ff., 258 

Laws, conservation, 480; pure 
food, 434 

Learning, 414 f.* 

Leaves, 380f.*; arrangement of, 
380; structures of, and their 
functions, 380 * 

Legumes, 474 £.*; importance of, 
to soil, 474 f. 

Lens of the eye, 196, 197 f.* 

Lenses, 181*, *196ff.; in eye- 
glasses, 197 £.*; in microscopes 
and telescopes, 200 f. 

Lever, Aristotle's, 313 

Levers, 309 f.*; classes of, 309 * 

Lichen, def., 213 

Life cycles, or life histories, 367; of 
six animals, 370 £.*; of the fly, 
449*; of the mosquito 449 * 

Light, *174-186; a form of radi- 
ant energy, 175f.*, 298*; and 
color, *180 ff, 183, 185; dif- 
fusion of, 178 f., 184; dispersion 
of, *181f.; from a flame, ex- 
periment on, 204; luminescent 
and phosphorescent, 186; re- 
flection of, 173, 177 f. *, 184; re- 
fraction of, 179 f.; sources of, 
176 £.; spectrum of, 181*; trans- 
mission of, 177 ff. *, 185 

Light-year, 242 

Lighting, home, *191—195, 201*; 
and color, 194f.*; artificial, 
176 f., *192 ff.; direct and dif- 
fused, *192ff.;  electro-lumi- 
nescent, 191*; intensity of, 
203*; reducing glare in, 194 f*.; 
types of, 193* 

Lightning, 160*, 320*, *327 ff; 
and eruption of Parícutin, 3; 


and static electricity, 327; and 
thunder-storms, 153; character- 
istics of, 327 f.; dangers from, 
328; Franklin's experiment with, 
328; protection against, 328 f. *; 
safety rules regarding, 329 *; val- 
ues of, to soil, 329 

Lightning rods, 328 f.* 

Limestone caves, 28 *, 263 

Lines of force, magnetic, 323; 
function of, in electromagnets, 
*338 ff. 

Liquid, a state of matter, 49; dis- 
placement of, 527f.*; incom- 
pressibility of, 81; use of, in hy- 
draulic machines, 82 f. * 

Liver, 425* 

Living things, cells, tissues and or- 
gans of, *362ff.; classification 
of, *375 ff.; conservation of, 
477 ff., 479 £.*, 481; how dif- 
ferent from non-living things, 
*362 ff.; independent and de- 
pendent, *374 ff.; life cycles of, 
*367 £.; matter and energy cycle 
applied to, 368; osmosis in, 
367f.*; protoplasm of, 362, 
*365 ff.; relation of death and 
decay to, 369 

Loadstone, def., 321 

Locomotive, diesel-electric, 342*; 
early steam, 518 *; electric, 319* 

Longitude and latitude, 222 f. * 

Lowell, Percival, 212 

Lows, or cyclones, 151 ff.* 


Luminescence and  phosphores- 
cence, 186 

Luminous and non-luminous ob- 
jects, 175 f. 


Lunar craters and other surface 
features, 229 f. * 


_ Lymph, 427 


Machines, *307-314; complex, 
309; efficiency of, 313 £; hy- 
draulic, 82 f.*; mechanical ad- 
vantage of, 313; principles ap- 
plying to, 310; purposes accom- 
plished with, 307*; simple, six 
types of, *308 ff.; type deter- 
mined by use, 313 

Magma and lava, 254 ff. * 

Magnetic attraction, 321 

Magnetic attraction and repulsion, 
experiment on, 323; principle 
of, 323 
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Magnetic compass, 323 f.*, 325, 
331*. 3395, 344% 

Magnetic field around a con- 
ductor, 338 f.; of a coil, *338 ff.; 
of a magnet, 322f.*; of the 
earth, 324 f.*; strength of, ex- 
periment on, 331 

Magnetic lines of force, 323 f.*; in 
a generator, 341 

Magnetic poles, experiment on, 
323 p* 

Magnetic poles of earth, 323 f. * 

Magnetism, *321-327; compared 
with static electricity, 326 f.*; 
experiments on induced (in elec- 
tromagnets), 339 f.*, (in wire), 
338 £.* 

Magnetometer, 324 * 

Magnets, *321ff.; bar, 322f.*; 
demagnetizing, 322;  clectro-, 
*338 ff., 348*; horseshoe, 345*; 
lines of force surrounding, 322 f.; 
made by contact, 323 f.; natural 
and artificial, 321 ff.; poles of, 
322 ff.* 

Major planets, 215 f.* 

Malaria, 391; reducing, by killing 
mosquitoes, 448 f.* 

Mammals, as a group, 388 f.*; re- 
production in, 401*; useful or 
harmful to man, 394 

Man, accidental deaths of, 452, 
458*; assimilation in, 429; be- 
haviors of, 412 ff.*; circulatory 
system of, 426 ff.; digestive sys- 
tem of, 424 ff. *; diseases of, and 
their prevention and treatment, 
*441—462; excretion in, 429 f.; 
first aid for injuries to, *452—457; 
foods and diets of, *421—440; 
glandular system of, 416 f.; in- 
juries and bleeding, 429, 453 ff. *; 
muscular system of, 417; nerv- 
ous system of, 416*; respiratory 
system of, 429; skeleton of, 
417 f.*; uses by, of alcohol and 
tobacco, 457 ff.; uses by, of 
habit-forming drugs, 457, 460 

Marconi, Guglielmo, 504 

Marijuana, 460 

Mars, 211 ff.* 

Matter, 21 ff.*; and energy, 
*282 ff.; and inertia, 287; den- 
sity of, 287; measurement of, 287; 
molecular and atomic structure 
of, 283 ff. *; states of, 49, *282 ff. 


, 


Matter and energy, *282 ff.; prin- 
ciple of conservation of, 282; re- 
lationships between, 20250291; 
301 

Matter-and-energy cycle, 282; pro- 
toplasm and, 368 

Measurement, systems of, English, 
290*; metric, 286, 290* 

Mechanical advantage; 313 

Mechanical energy, 305 

Medicine, preventive, *446—-450 

Medicines, dangers of home pre- 
scribing of, 451f£; ear, 504; 
eye, 199 f.; hormone extracts as, 
445; of long ago, 441; patent, 
452; "wonder drugs," 450 We 

Mendel, Gregor Johann, principles 
of heredity discovered by, 407 f., 
409, 410* 

Mental health, 446 £.*; and good 
grooming, 462* 

Mercury (metal) in barometer, 22; 
in thermometer, 195 

Mercury (the planet), 209 ff.* 

Mercury-vapor lamp; 190 f. 

Meridian of longtitude, 
prime, 225 

Metals, and non-metals, 253 f.; as 
conductors of heat and electric- 
ity, 109, 253, 333; characteris- 
tics and uses of, 252 ff.; conser- 
vation. 05128, (84907 491; in 
carth's crust, 253*; most valu- 
able, 487 

Metamorphic rock, 267 

Meteorites, def. 75 
travel, 218; characteristics of, 
217 £.; Chubb Crater and Crater 
Mound, results of explosions of, 
7*; origin of, 218; the Willa- 
mette, a specimen of, 218* 

Meteorological services of Canada 
and the United States, #156- 
159; bulletins for crop growers, 
158; daily weather maps, 1525 
158 f.; regarding hurricanes and 
tornadoes, 155; storm warnings 
for air flights and water ship- 
ping, 158 f.; use of radar by, 155 

Meteors, 216 ff. * 

Meter, electric, 357* 

Metric system, 286, 290* 

Microscopes, 200 f£, 204*, 360*; 
electron, 201, 442* 

Migration, of animals, 168 f.*; of 
people, 171 


and space 


Milestones of science, 2*, 106, 
045197. 337*, 360*, 504, 518* 
Milk, 433*; as a carrier of germs, 
434; as a food, 423 £.*, 434; 
new method of preserving, 432; 
pasteurized and homogenized, 
434; produced only by mam- 
mals, 388, 434 
Milky Way, or 
243 ff.* 
Minerals, def., (in biology), 443, 
(in chemistry and geology), 252; 
compounds, 252, 271f.; con- 
servation of, 28, *487 f; di- 
minishing supplies of, 487f; 
distinguished from rocks and 
ores, 252; elements, 252, 271 ff.; 
formation of, 257; from the sea, 
271 f., 489; in diet, 422 ff. E 
443; loss of, in soil, 470 £.; pure; 
252; radioactive, 277 £.*; sources 
of, 252; substitutes for, 291 pt 
Mining, of coal, 2/15 *, 488, 490; of 
gold, 488*; of iron, 488 g* 
soil-, 470 f. 
Mirage, def.» 48 
Mirror, 178, 184*; 


the Galaxy, 


image in, ex- 


periment on, 186*; lake as, 
173" 
Mixtures, elements, and com- 


pounds, 282 ff.* 
Modulations, frequency, 509 
Molds, and food spoilage, 432; an- 
tibiotics from, 450 £:*; as de- 
pendent organisms, 375; use of 
radiant energy in killing, 432 
Molecules, and adhesion, 288 pt 
and air pressure, 35 ff.*; and 
atoms, *283f.; and cohesion, 
288 f.*; and diffusion, 367; €X- 
periment on, 373; and expan- 
sion and contraction, 100 f.; and 
magnetism, 330; and physical 
and chemical changes, 286; 
characteristics of, 35 f., 283; im- 
pact of, 36; motions of, 36, 100, 
367 f.; space occupied by, €x- 
periment on, 291 
Mollusks, as a group» 388 f.*; 
helpful and harmful to man, 390 
Moon, the, *228-233; A Day on, 
237 £*; and tides, 232f.; ap- 
parent size of, experiment OD, 
236; characteristics of, 228 ff. *, 
235; eclipses of, 230 Ht 
phases of, 230 £.* 
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Moons, or satellites, 207 f.; num- 
bers of, for each planet, 219*; 
origin of, 214 

Morse, Samuel F: B., 504 

Mosquitoes, as carriers of germs, 
391, 442; destruction of, 69, 
391, 448; life history of, 449* 

Mosses, 376 * 

Motion pictures, silent and sound, 
508 £.* 

Motors, electric, compared with 
generators, 342 f.; uses of, 338 
Mountains, 259; and glaciers, 
262*, 263 f.; formation of, 255, 
2571; of the moon, 229 £.* 

volcanic, 255 f. 

Mouth, digestion in, 424 £.* 

Movable pulley, 281*, 310* 

Muscles, voluntary and involun- 
tary, 417 

Muscular system, 417 

Mushrooms, 385*; as dependent 
plants, 375 f.*; as saprophytes, 
377; reproduction of, 398 £.* 

Mutants and mutations, 405 f. 


National parks and memorials, as 
sanctuaries for wild life, 480; 
Carlsbad Caverns, 263; Mam- 
moth Cave National Park, 28*, 
263; Mount Rushmore National 
Memorial, 259 *; Natural Bridge 
of Virginia, 263; Yellowstone 
National Park, 270; Yosemite 
National Park, 260* 

Natural gas, as fuel, 108; as source 
of gasoline, 490; conservation 
of, 488; source of, 275 ff.*; use 
of, in oil wells, 492 

Natural light, 192 f.*; and color, 
*181f.; brilliance of, 187 f.; 
sun the source of, 176 

Natural magnets, CW eid 

Natural resources, *271-280; fu- 
ture supplies of, 480; non-re- 
newable, conservation of, *487— 


496; renewable, conservation 
of, *465-486; squandering of, 
465 


Nature, balance of, 404 
Nature and nurture, 406 
Nearsightedness, 196* 
Nebulae, 243 Er 
Neptune, 215 f., 219 
Nerves, 363 

Nervous system, 416* 


Neurons, or nerve cells, 363*, 416* 

Neutrons, as atomic bullets, 300 f. *; 
characteristics of, 285 * 

Newton, Sir Isaac, 522 

Nielsen method of artificial respira- 
tion, 456 f.* 

Nitrates as soil fertilizers, 329, 
474 f.* 

Nitrogen, characteristics of, 29; 
commercial uses of, 29, 272 f.; 
compounds of, in soil, 329, 
474 f.*; in the air, 24 

Nodules, 474 f. 

Noise, 501 f. 

Non-conductors, or insulators, of 
electricity, 333 f.*; of heat, 109, 
119, 130 ff.* 

Non-energy foods, 422 ff. 

Non-germ diseases, causes of and 
cures for, *443 ff. 

Non-green, or dépendent, plant, 
def., 374, 375 f£. 

Non-luminous objects, 175 f. 

Non-metals, 252 ff.; in the air, 
254; in the earth's crust, 253 f. 

North America, early shape of, 527 * 

North pole, geographical, 222*, 
227*, 324*; magnetic, 323* 

Nuclear reactor, or atomic pile, 302 

Nucleus, of atom, 285; of comet, 
216*; of living cell, 283*, 363*, 
364* 


Ocean currents, effects of, on cli- 
mate, 165 f. 

Ocean depths, 75 ff.*; changes in, 
258; exploration of, 76 f.*; life 
in, 76 f. 

Oceans, and rock formation, 
265 ff.*; as possible source of 
fresh water, 481; as source of 
food, 390*, 476 f.*; as source of 
minerals, 271 f.*; formation of, 
259; formation of coal beneath, 
275; formation of islands in, 
250 £, 256 

Ohm, 335 

Ohm, George, 346 

Oil, or petroleum, as fuel, 107 f., 
188; formation of, 275 f.*; in- 
creasing production of, 492; lo- 
cation of deposits of, 276f.; 
present and future resources of, 
488 f.*; products of, and their 
importance, 277 

Oil-burning stove, 114* 


Oil-drilling rig, 279 * 

Oil wells, 276*, 490*, 492, 496*; 
and natural gas, 276 *, 277, 492; 
increasing production from, 492; 
locating, 476 f. 

Opaque substances, 177 f. 

Open wounds, first aid for, 453 ff. * 

Optical instruments, camera, 196*, 
200 f.*; microscopes, 200 f.; tel- 
escopes, 200 f., 204*, 360; the 
eye, 196* 

Orbit, def., 209; moon's, 231* 

Ore, def., 252; location of, 6f., 
277 f.*; low-grade and high- 
grade, 488; mineral, and rock, 
distinguished from, 251 f. 

Organic matter, def., 252 

Organisms, composition of, 365; 
dependent, 374f. groups of, 
375 ff.*, 387 ff.*; independent, 
374; micro-, 75; one-celled, 364 

Organs, in plants and animals, 
364 f.* 

Osmosis, def., 366, 365 ff.; and 
treatment of sprains, 368*; in 
root structures, 383 

Ovules, of flower, 400 f. * 

Oxidation, *26 ff; and dust ex- 
plosions, 104 f.*; and spontane- 
ous combustion, 104; in green 
plants, 381; losses from, and 
their prevention, 28, 490; of en- 
ergy foods, ih the body, 422; 
rapid and slow, 27 f. 

Oxygen, 24, 26, 284*; commercial 
uses of, 273; experiment on 
preparation and properties of, 
33 f.*; importance of, in com- 
bustion, 103 ff. *; in respiration, 
429; use of, by plants, 381, 429 

Oxy-acetylene torch, 273* 

Oxygen-carbon-dioxide cycle, 
SOIN 


Paint, as protection against rust, 
28, 490, 495*; fireproof, 128 

Paint-gun, 42 

Pancreas, 425* 

Panel discussions, topics for, 517, 
486, 495 

Parallel and series circuits, 349 f. * 

Parallels, and meridians, 222 f. * 

Parasites, 377; as causes of germ 
diseases, 390, 441 ff. * 

Partial vacuum, 36f.; of space, 
245 


[564] 


Pasteurization, of milk, 434 

Patent medicines, 199, 452; use of 
petroleum as, 276 

P. D., emf, or voltage, 334* 

Pelton wheel, 80* 

Penicillin, 450 £*; radioactive, 
451; source of, 451*; uses of, 
450 f.* 

Perspiration, or sweat, 430 

Pests, arthropods as, 390 f.*; in- 
sects as, 391f.*; methods of 
killing, 392 f. *, 448; plants as, 
379*; rats as, 394 f. 

Petroleum, 275 ff.*; as substitute 
for coal, 491 f.; conservation of, 
492; formation of, 275 f.; in- 
creased production of, 492; lo- 
cation of oil deposits, 276 f; 
products of, and their impor- 
tance, 277; supplies of, present 
and future, 489f.; under-sea 
drilling for, 279 * 

Phases of the moon, 230 f. * 
Phonograph records, 5061; ex- 
periment with, 515 
Phosphorescence and 

cence, 186 

Phosphors, 189 f.; dangers from, 
190 

Photography, 200 f.* 

Photosynthesis, def., 379 ff.*; and 
atomic research, 379f.; and 
food-making, *379 ff. 

Physical changes, def., 257; and 
chemical change, compared, 
286 f.* 

Physical science, branches of, 11 

Pitch, of sound, 500 f. 

Pitchblende, 297 

Plagues, bubonic, and the rat, 394; 
the Black Death and soap, 8 f. 

Planetoids, or asteroids, 207, 213 f. * 

Planets, *209 ff.; characteristics 
and locations of, 207 *, 209 ff. *, 
219; earth, 210, 211*; in the 
constellation Swan, 245; Jupi- 
ter, 215*; major, 214 ff.*; Mars, 
211 ff. *; Mercury, 209 ff. *; mo- 
tions of, 210f.; Pluto, 213; 
Saturn, 215, 221*; table of 
facts concerning, 219; terres- 
trial; *209-213; Uranus and 
Neptune, 215 f.; Venus, 211 

Plant cell, *362 ff., 399*; Hooke's 
discovery of, 360; structure of, 
363 f.*; the cell theory, 360* 


lumines- 


Plant structures, *378 ff.; food- 
making in, 379; flowers, 384, 
400*; leaves, 380f.*; roots, 
383 £.; stems, *381 ff. 

Plants, *374-386; algae, 375 fep 
and climate, 168; and growth 
rings, 382f.; and the oxygen- 
carbon dioxide cycle, 381 f.*; 
as parasites, 377; as sapro- 
phytes, 377, 385*; balance of 
nature and, 404; classification 
of, 375 ff.*; dependent, or non- 
green, 374 f.; diseases of, 377, 
407; dormancy in, 168; ferns, 
376 f.; flowering, or sced-bear- 
ing, *376-385; fungi, 375 ff. *; 
growth of (in diameter), 382, 
(in height), 383; independ- 
ent, or green, 374f.; mosses, 
376 £.*; one-celled, 375 Hot rer 
production of, 398 ff.*; response 
of, to light, experiment on, 420; 
transpiration by, 381, 386*; 
wild, and conservation, 480, 
484 

Plasma, 426 f. 

Plastics, def., 491*; as insulators, 
333; as substitutes for wood, 
486*; as substitutes in conserva- 
tion, 491*, 495; sources of, 491 b 

Pluto, 213 

Plutonium, 302 

Pneumatic appliances, def., *40 ff. 

Polarized light, 199* 

Poles, electric, 339*; 
*322 1f. 

Pollen, 25, 363*; and reproduc- 
tion in flowering plant, 400 f. * 

Pollination, agents of, 390, 400* 

Potential energy, 292 px 

Power, def., (electrical), 342*, (me- 
chanical), 314* 

Precipitation, and the water cycle, 
145; forms of, *142 ff.; of dust, 
by static electricity, 327 * of 
soot and fog, by high frequency 
waves, 503 

Preservation of food, *430 ff. 

Pressure, as cause of winds, 148; at- 
mospheric, 22 ff.*, *35 ff; elec- 
trical, or emf, 333 £.; of water, 
*75 ff.; of water, experiment 
with, 84 f. *; transmission of, in 
confined liquids, 80 ff.*; water, 
experiment on, 84 feu 

Pressure cooker, 96* 


magnetic, 


Pressure points on veins and ar- 
teries, 454 f.* 

Prevailing winds, *148 f; causes 
of, 149 

Preventing accidents, during elec- 
trical storms, 329*; with auto- 
mobiles, 452, 460, 492 f.*; with 
electric current, 352*, 455; 
with poison gases, 455 

Prevention of disease, *446 ff. 

Prevention of fire, *124 ff.; in for- 
ests, 477, 478* 

Priestley, Joseph, 26 

Prime Meridian, 223 

Projects, 63, 123, 134, 358, 396 

Prominences, solar, 240* 

Propulsion, jet, 523 f.* 

Protective adaptation, 405* 

Proteins, for energy and for build- 
ing protoplasm, 422 f.*; plant, 
379*; sources of, 436* 

Protons, 285 f. * 

Protoplasm, *362 ff., *365 ff.; and 
formation of new cells, 367; and 
the matter-and-energy cycle, 
368; characteristics and compo- 
sition of, 362; need of, for water, 
365; osmosis in, 365 ff.; use of 
energy by, 367 

Protozoans, def., 54, 363 Re asa 
group, 387, 389; diseases caused 
by, 390, 442*; reproduction by, 
398 f.* 

Psychrometer, 163; experiment on 
and how to make and use a, 
162 [.* 

Ptolemy, 207 

Pulleys, 281 * 307 *, *310 f, 3167; 
uses of fixed and movable, 
310 £.* 

Pulmotor, 456 

Pumps, force, 41 ff.*; lift, 38 ff.*, 
60 

Pure-food laws, 434 f. 

Purification of water supply, 50 ff.* 


Quality of sound, 500 ff. 
“Quick freezing,” 432 f. 


Radar, 153, 476, 512* 

Radiant energy, and food preser- 
vation, 432; forms of, 111, 175, 
298*; sun the source of, 89; 
uses of, in painting automobiles, 
111*, and in frost prevention, 
142* 


[565] 


Radiant heat, *111 ff.; absorption 
of, 112; and clothing, 133; for 
drying paint, 111*; home heat- 
ing by, 114%, 118, 122*, 178* 

Radiation, and clothing, 132; cool- 
ing of automobile engines by, 
112f.*; cooling of motorcycle 
and airplane engines by, 113; 
home heating by, 114*, 118, 
112*, 178*; transfer of heat by, 
TUET 

Radio broadcasting and receiving, 
509 f.* 

Radioactive materials, dangers 
from 302f.; location of, 277 f. * 

Radioactive series, *298 ff. 

Radioactivity, *296-303; and 
atomic fission, *300 ff., 306; and 
thermo-nuclear fusion, 306; cy- 
clotron and, 299*; disintegra- 
tions resulting from, *298 ff.; im- 
portance of uranium in, 277 f., 
298; isotopes in, 301; of man- 
made elements, 302; of natural 
elements, 277 f.*, 298, 302; pio- 
neer work in, 296 ff.*; pluto- 
nium and, 302; release of 
energy by, *300 ff; scientific 
and peacetime uses of, 379 £, 
451, 476, 491, 495; the atomic 
pile, or nuclear reactor, and, 302 

Radiosonde, 19*, 158 

Radium, 297; uses of, for cancer, 
445 

Rain, 142 ff.; -making, 144* 

Raindrops, erosion by, 261, 268*; 
formation of, 143 

Rainfall, 137, 142 ff.; and erosion, 
261 f, 268*; and the water cy- 
cle, 145; during a warm wave, 
151; during thunder-storms, 
153; in tropical areas, 164; on 
western slopes of mountains in 
North America, 165; rapid run- 
off of, and conservation, 471 

Rare gases, 24 f.; argon, 24, 189; 
helium, 24, 29; krypton, 24, 189; 
neon, 24, 191; uses of, in elec- 
tric lamps, 29, 189 f.; xenon, 24 

Rats, as enemies of man, 394 f. 

Rays of radiant energy, 11155175; 
193, 298*; and frost prevention, 
142*; forkilling germs, 56, 190f.; 
sun as source of, 89 

Recordings, disk, wire, and tape, 
506 ff. 


Red corpuscles, 427 f.* 

Reflection, of heat, 130, 132; of 
light, 173*, *177 ff., 182, 184*, 
186*; of sound, 502 

Reflex, def., 414 

Reflex actions, 420* 

Reforestation, 479, 481 

Refraction of light, *179 f.; and 
eyeglasses, 179 

Refrigeration, 118 ff.*; purpose 
of, 118; quick freezing and, 432f. 

Refrigerators, ice, electric, and 
gas, 118 f.* 

Regeneration, in plants, 399; pro- 
tein foods and, 422; protoplasm 
and, 367 

Relative humidity, def., 139; meas- 
urement of, 162 f.* 

Reproduction, *397-410; and the 
food supply, 403; asexual, 366*, 
*398 ff.; by animals, 398, 401*; 
by plants, *398 ff; hybrids, 
407 f.*, 410*; of cells, 363*, 
367; rate of, by flies, 440; sex- 
ual, *399 ff. 

Reptiles, as a group, 393 f.*; poi- 
sonous, 394* 

Resistance (bodily, to disease), 
*446 ff.; (electrical), 334 f.; unit 
of, 335; (mechanical), 309*, 
310* 

Resources, natural, *271-280; en- 
ergy sources, 488; non-renew- 
able, conservation of, *487-496; 
radioactive, 277 f.*; renewable, 
conservation of, *463-486; sub- 
stitutes for, 486*, 491 f.* 

Respiration, artificial, 455 ff. "un 
man, 429 

Revolution of earth, as cause of 
seasons, *226 ff. 

Rivers, as sources of water supply, 
51, 54f.; the Mississippi and 
erosion, 265 

Rock, flowing, within the earth, 
*255 ff. ; magma and lava, 
*255f.; mineral and ore, dis- 
tinguished from, 251 f. 

Rocket, rocket engine, 
plane, 523 f.* 

Rocks, classes of, 265 ff. * 

Roentgen rays, 296 f.*; and X 
rays, 269* 

Roentgen, Wilhelm, 296 

Root hormones, experiment with, 
410 


rocket 


Roots, 383 f.; as soil breakers, 475* 

Rotation of earth, and time belts, 
224 ff.*; as cause of winds, 
148 f.* 

Running water, and flood danger, 
469, 484*; and gravity, 57; as 
agent of erosion, 261, 467; needs 
for, in cities, 50; use of, in gar- 
bage disposal units, 69 f.; use of, 
in industry, *80 f., 86* 

Rutherford, Ernest, 297 


Safety education, and fluorescent 
lamps, 190; and inertia, 287 f. *; 
and poisonous gases, 107, 455; 
and skidding, 287; and spon- 
taneous combustion, 104; and 
use of salt on icy sidewalks, 97; 
dry cleaning and, 72*, 329; for 
behavior in lightning storms, 
329*5 for fire prevention, 126*, 
127*; in reducing highway haz- 
ards, 179*, 492f.*; in use of 
electricity, 352*; in use of in- 
secticides, 393 

Saliva, 424 

Salt, as preserving agent, 431; 
sources and uses of, 271 

Sanctuaries for wild life, 480 

Sanitation, and garbage disposal, 
69 f.*; and insect carriers of dis- 
ease germs, 69, 448; and sewage 
disposal, 67 ff.*; and the water 
supply, 54 ff.*; and ultra-violet 
rays, 56, 190 f.; for disease pre- 
vention, 447f.; in the past, 
66f.*; soap and, 8f, 62 £; 
447 f.*; steam and, 75 

Sap, 379 

Saprophytes, def., 577 

Satellites, 207 f.; numbers of, for 
each planet, 219*; of Saturn, 
215; theory of origin, 214 

Saturn, 215, 221* 

Schiaparelli, 212 

Schleiden, Matthias Jakob, 360 

Schwann, Theodor, 360 

Science hobbies, 13* 

Science in the News, 85, 163, 248, 
270, 306, 396 

Science Out of Doors, 248 

Scientific method, elements of, and 
scientific attitudes explained, 
11, 14; exercises involving, 29, 
43, 60, 71, 84, 100, 122, 133, 
161, 170, 185, 203, 220, 234, 


[566] 


268, 280, 290, 304, 315, 330, 
344, 357, 372, 396, 409, 419, 
437, 461, 483, 494, 514, 532; 
listed, 534, 535 

Scientific principle, defined and 
explained, 9 ff. 

Scientific principles, lists of, 31, 43, 
59, 71, 84, 98, 121, 132, 161, 
170, 183, 202, 220, 234, 246, 
268, 279, 290, 304, 315, 330, 
343, 356, 369, 384, 395, 408, 419, 
431, 437, 461, 483, 494, 513, 531 

Screw, 307*, 308*, 309, 312* 

Sea water, a possible source of 
fresh water, 481; as source of 
elements and compounds, 271 f.; 
boiling point of, 97 

Seasons, *226 ff. 

Sedimentary rocks, 265 ff. * 

Seed-bearing plants, *378-384 

Seeds, 400 f. * 

Seismograph, 257 

Sense organs, care of, 194f.*, 
197 £., 502 ff.* 

Series and parallel circuits, 349 f.* 

Serums, 449 

Sewage, conversion of, into ferti- 
lizer, 69; disposal of, *67 ff. 

Sexual reproduction, *399 ff.; in 
animals, 401*; in flowering 
plant, 400 f. * 

Shadows, 235*; during eclipses, 
291 ft 

Ships, steel, and buoyancy, 528 f.* 

Short circuit, 351 ff.* 

Simple machines , *308 ff. 

Siphon, experiment with, 45* 

Skeleton, human, 417 f.*; inside 
of vertebrates, 387 ff.*; outside 
of invertebrates, 387 ff. * 

Sky, color of, 185, 237 

Sky-hook, 18 f. * 

Sleet, 144 f.* 

Small intestine, 425* 

Smog, 140 

Smoke, 105; and frost prevention, 
140 ff.; and fuels, 106, 107, 108; 
removal of, from air, 106, 327 *, 
503 

Smoking, of marijuana, 460; of to- 
bacco, 457 ff. * 

Snakes, 393 f. *; poisonous, 394* 

Snow, 142 f.*; on Mars, 211 

Snowflakes, 142 f.* 

Soap, and hard water, 63f.; and 
sanitation, 7f, 621, 447£*; 


and the Black Death, 8 f.; com- 
position of, 63*, 71 f.; spot re- 
moval and, 66 

Soil fertility, *474 ff.; and miner- 
als, 383, 470 f.; atomic research 
and, 476; increase of, *474 ff.; 
minerals and, 383, 466, 470 f. 

Soil, air in, 17, 466; and irriga- 
tion, 479; bacteria in, 474 f.; 
capillaries in, 468*; composition 
of, 259, 466; conservation of, 
473 ff.*; cultivation of, 468*, 
469; deposition of, by streams 
and glaciers, *263 ff.; earth’s 
first, 259; fertility of, *474 ff.; 
formation of, by weathering and 
erosion, *259 ff.; humus in, 259, 
466, 475; importance of, to life, 
251, 466; layers of, 466 f.; loss 
of, by erosion, 265, *467 ff.; 
minerals in, and plants, 383, 466, 
470 f.; nitrogen compounds and, 
29, 329, 474 f.*; water in, 48, 
51 f.*, 466 

Soil management, and conserva- 
tion, *473 ff., 482 

Soil-mining, 470 f. 

Soil water, and capillarity, 467 f.* 

Solar system, *207-221;.as part of 
the Galaxy, 243; gravitational 
attraction and, 208 f.; members 
of, *207 ff.; motion of bodies in, 
208 f£; tabulated facts concern- 
ing, 219 

Solstices, 226 f.* 

Sound, *498-504; and electric- 
ity, in communication, *504— 
515; and motion pictures, 508 f.; 
and television, *509 ff.; and the 
telephone, 506 f.; audible and 
inaudible, 503; characteristics 
of, 500 f.; echoes of, 502; hu- 
man ear and, 502 ff.*; musical, 
500 ff.; production of, experi- 
ments on, 499*; recordings of, 
506 ff.*, experiment on, 515; 
speed of, 500; vibration and, 
499 f., 502, 503, 516* 

Sound tracks, motion picture, 
508 f.* 

Sound waves, 499 f. *, 503* 

Space, def., 20, 208, 245; distances 
in, 242 

Spectrum, def., 181* 

Sperms, 400 f. * 

Spinal cord, 416* 


Spontaneous combustion, 104* 

Spores, 398 f. * 

Stability, def., 524 ff.*; and cen- 
ter of gravity, 524*; in air trans- 
portation, 526*; in land trans- 
portation, 524f.; in water 
transportation, 525 f.* 

Standard Time, 225 f.* 

Starch, as energy food, 422 f.*; 
manufacture of, by green plants, 
379 

Stars, or suns, *240-245; and con- 
stellations of, 242 f.*; character- 
istics of, 241 f., 247; classifica- 
tion of, 240 f.; double and mul- 
tiple, 243; galaxies of, 245; 
groups, or clusters, of, 243 ff. *; 
Pleiades, or Seven Sisters, 243, 
248*; Polaris, the North Star, 


243; Proxima Centauri, the 
nearest, 242; the Galaxy, or 
Milky Way, 243 f.* 


States of matter, 49 *, 282 ff. 

Static electricity, *325 ff.; and dry 
cleaning, 329; and lightning, 
320*, 327 ff.*; and removal of 
dust from air, 327*; charges of, 
325 f.; compared with magnet- 
ism, 326f.; experiments on, 
325 f£.*; from friction, 325 f.*; 
movement of electrons and, 325; 
relation of, to current electricity, 
333 

Steam, 49; and distillation, 53%; 
energy from, and uses of, 74 f.; 
expansion and condensation of, 
experiment on, 37 £.*; for sani- 
tation, 75 

Steam engine, 
519 ff.* 

Steam turbine, 521* 

Steam-heating system, 116 f.; com- 
pared with other heating sys- 
tems, 116 

Steel, 278; and reinforced con- 
crete, 278; conservation of, 28, 
489 f., 495*; rusting or oxida- 
tion of, 28; use of, in fireproof 
construction, 125; welding or 
cutting, 273* 

Stems, 391 ff.*; 
382 f.* 

Stomach, 425* 

Stones, building, 266, 267 

Storage, and rats, 394; of energy, 
292 f.*; of food, in plants, 15195 
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reciprocating, 


structures of, 


of foods, methods permitting, 
*430 ff.; of water, 51, 55, 56*, 
58 

Storage battery, 38*; commercial 
uses of, 337 

Storage cell, 336 f.; experiment 
on, 346* 

Storms, *151 ff.; forecasting of, 
152; 'hail-, destruction by, 145; 
hurricanes, 155 f. *; sleet-, 144*; 
thunder-, 153, 160*, 320*, 
*327 f., 502; tornadoes, 153 ff. * 

Stoves, as source of infra-red rays, 
175; heating, 114*, 175, 431* 

Strains, hereditary, 393, 409; pure 
bred, and hybrid, 407*; supe- 
rior, produced by breeding, 407* 

Stratosphere, def., 19 ff. * 

Streams, and flood danger, 469, 
484*; as sources of water sup- 
ply, 50 f., 54 f.*; deposition and, 
264 f.; erosion by, 261, 467 

Structures, concerned with behav- 
ior, *451ff.; of green plant, 
*380 ff., 400*; of human body, 
*416 f, 424f.*, *426ff; of 
plant and animal cells, tissues 
and organs, *362 ff. 

Struggle for existence, 260 * 40211. * 

Submarines, and water pressure, 79 

Substitutes, for building stone, 491; 
for gasoline, 491, 495; for metals 
and glass, 491*; for wood, 486*; 
use of, in conservation, 491 *, 495 

Sugar, a product of photosynthe- 
sis, 379; as energy food, 422; 
change of starch to, in mouth, 
425; use of, in balanced diet, 
424 . 

Sulfa drugs, from coal, 7; uses of, 
for treatment of disease, 450* 
Sun, the, *239 ff.; and seasons, 23, 
*226 ff.; and solar prominences, 
240*, 247*; and tides, 236*; as 
source of energy, 89, 111 f., 175, 
298*; characteristics of, 219, 
*239 f.; eclipses of, 230 ff. *; en- 
ergy of, used in house heating, 
118; importance of, 239, 241; 

light from, 175, 191 ff.* 

Sun time, 224 f. *, 234* 

Sunlight, 191 ff.*; and photosyn- 
thesis, 379; and shadows, 231 x 


235*; direct and diffused, 
1921"; relation of, to heat, 
118, 298* 


i 
fs 
E$ 


T 


i 
aisg 
| 


n 
| 
8 


i 
Aa 


i 
i 
i 
3 


H 
ip 


E 


Hoy 
i 


"Tissus, 364° 


Trees, and weathering, 260°; 


Tobacco, and allergies, 458; and Coal-Age, 274 £.*;. comervation 


cancer, 458; use of, 457 ff.* 

Tone, and quality of sound, 501 f. 

Topics for Individual Study, 32, 
45, 60, 65, 68, 86, 101, 163, 171, 
186, 221, 235, 247, 251, 256, 269, 
272, 284, 297, 306, 316, 322, 331, 
337, 346, 358, 373, 379, 396, 464, 
485, 490, 495, 514, 533 

Topographical map, nature and 
use of, 270° 


Topsoil, and 479; bac- 
teria in, 4740; capillaries in, 
" of, 466; con- 


servation of, 473 ff; cultivation 
of, *468 M; fertility of, *474 f; 
humus in, 259, 466, 475; im- 

of, to life, 251, 466; 
loss of, by erosion, 265, 1467 ff.; 


nitrogen compounds and, 29, 
329, 474 f; relation of minerals 


def., 294; of color, 

*181£; of electric currents 
°347 ff.; of electrical energy, 
through a transformer, 349; of 
light, *177 ff.; of sound waves, 
499*, 502 

Transpiration, def., 381, 386* 

Transportation, *517-533; and 
diesel-electric 


and external-combustion 
gines, °519ff.; and internal- 
combustion engines, 521 ff.; 


velopment of, 519; on land, 
524 f; on water, *524f, 
527 ff.*; through space, 218, 
= uses of energy in, *519- 
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of, 465, 468 £t, 477 If *, 481; 
preventing erosion, 474°; struc- 
tures of, 374, 340 ff 

Tropics, life in, 168 

Tropics of Cancer and Capricorn, 
226 .* 

Troposphere, def., 19 £.* 

Turbine, steam, 521*; 
80 (.* 

Typhoons, 155 


Ultrasonic frequencies, de/., 503° 

Ultra-violet rays, def., 175; germ- 
killing effects of, 56 £, 190f; in 
diffused light, 193; use of, from 
mercury-vapor lamps, 190 

United States Weather Bureau, 
157 ff.*; cooperation of, with 
Canadian Meteorological Serv- 
ice, 157, 158; daily weather 
maps prepared by, 152*, 158 £; 
stations of, 157; storm warnings 
issued by, 155, 158; use of radio- 
sonde by, 19*, 158; use of 
weather ships by, 158 f.* 

Universe, *242-248; and the “Big 
Eye," 245; bodies in, *242 ff.; 
distances in, and their measure- 
ment, 242 

Uranium, 277 f.*, 298; atomic fis- 
sion and, 300f.*; isotopes of, 
301; location of, with Geiger 
counter, 277* 

Uranus, 215 f. 


water, 


Vacuum, def., 20, 36f.; produc- 
tion of a partial, 37 f.*; space, 
a, 20, 245 

Vacuums, in incandescent lamps, 
188; of sun’s envelope, 239 f.; 
partial, uses of, in machines, 
38 ff.* 

Vacuum sweeper, 38* 

Vapor lamps, 190 f.; use of, in il- 
lumination, 190; use of, in kill- 
ing germs, 190 f. 

Variations, heritable, 405 f. 

Vascular bundles, 382 ff.* 

Vegetables and fruits in diet, 423, 
440 

Vegetation, in Coal Age forest, 
274* 


Veins, in .circulatory 
426 ff.*; in leaves, 380 f.* 


Ventilation, 110 £.; air condition- 
ing and, 166 ff. *; artificial, 111; 
natural, 110 f. 

Venus, 211, 219 

Vertebrates, def., 387; as an ani- 
mal group, 387 ff. *; character- 
istics of, 387 M; classes of, 389°; 
relation of, to man's welfare, 
393 A.t 

Viruses, def., 442; as causes of dis 
eases, 442 .* 

Vision, *195-201; care of eyes, 
*198 M; comparison of eye and 
camera, 196%; defects of, and 
their types, 197 f.*; extending, 
with microscopes and telescopes, 
200 £, 204%, 360%; eyeglasses 
and, 197 £.*; of animals, 195; 
of human beings 195-200; 
structures of eye, 195 ff.*; he 
brain and, 196 f. = 

Vitamins, def., 422; discases duc to 
lack of, 443 f. *; testing for Vita- 
min C, 438 f; use of, in body, 
422 

Voice, 500, 502 

Volcanic dust, effect of, on weather, 
136 

Volcanic island, 250* 

Volcanoes, def., 3; causes of, 
254 ff.*; craters of, (Haleakala) 
230, (Parícutin) 3°, (Vesuvius) 
255%; eruptions of, 3f.%, 136, 


347 ff.* 
Voltaic cells, *335 ff. 
Voluntary behavior, 414 pa 
Voluntary muscles, 417 
Von Guericke, Otto, 22 f.° 


Warm-air fireplace, 117 f.* 
Washing and washing 


66 f.*; from indus- 
tries, 69; in cities, 69£*; in 
rural homes, 67 ff.* 

Waste of gasoline, 492 f.* 
Water, *47-86; and sanitation, 
*62-70; and soap, as cleansing 


54; energy from, m 144; chewed aad type 
m » 


meam, 740°; had, "£28; 137*, MOL’, 162*; condi 
hard, on 720; in dems ol, 1M i; forme of come 
aur, co, 16%, neds desman, “1408; keme of 

comerving, 471; premum ep "WIE; gather 
and depth, *77 f; premure, em facts concerning, 157 6; bo 
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ton Ses 160°; winds, caute of, « 


w. dfa T, 715485; Serve, 
d rade T amd tonal, 155,158; eH we 
and  Weather-forecasting, 1 


and 
57 L°; for cities, 50 ft.*, Wheel and axle, 308°, mi 
dos lir villages and country Wildlife, and game laws, 4796; 


homes, 51°, 53, TS management of, 479 L*;. mede 
?1.; of for conservation of, 471 L°; new 
T ep Su for, 16*, 480* 


purification of, sources homes 
of, *50 ff.; storage of, 51, 55 £9; Windy PHS 5 accompanying 


testing of, for purity, 54; use of, thunderstorms, 153; and baro- 
in labor-saving devices, 65£.°; metric premure, 148; as cave of 
use of, in 66 ff. erosion, 25°, 262, «6t; de- 
Water systems, city, 50 f. ,51; rus siroctive whirling, 1548.*; di- 
ral, 58*; village, 59* rection of, in highs amd ini 
Water table, 51 f.*; maintaining, 152£; lake, sa, T 
E turbine vailing. tec squall, hs 
T LI 
Wane wc in the ak, trade, 140% velocity of 151 
*137 f., 163 wind belts, 1 £e 
Water wheels, 80 ff. *, 86° b houses "350 f, 
M eerie f. °307-314; ef 
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currents, as — 0n, 306; 
Mt ecole BEES Wounds, care of, 445 b, *455 (f. 


Wrinkling of earth’s surface, 257 f., Xenon, 24; in tube lamps, 191 Zero, absolute, 95 


264* Zones, temperate and frigid, 
Yeasts, 375, 399*; as new source 168 ff.* 
X rays, 296 f.*, 298* of food, 476; budding of, 363* ^ Zoology, def., 4 


PRINTED IN THE UNITED STATES OF AMERICA 


[570] 


